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us 6.010,883 disclose a method wherein blood dolhing factor Xa (EC 
3.4.21.6; a SI serine-tj^e peptidase formed from ttie proenzyme factor X by 
limtted proteolysis) is used for cleaving off a fusion partner from a fusion 
protein. This protease specifically cleaves after the amino acid sequence X-Y- 
6ly-Arg, wherein X is lie. Leu. Pro or Ala. and Y is Glu, Asp. Gin or Asn. Factor 
Xa preferably cuts after the cleavage sequence lle-Glu-Gly-Arg. 

Other prior art enzymes which have been suggested and used In methods for 
specific cleavage of fusion proteins include tobacco etch vlais NIa proteinase, 
collagenase. enterokinase. subtilisin and thrombin. 

However, several problems may be encountered when using proteolytic 
cleavage In fusion protein systems. One major problem is the occurrence of 
non-specific proteolytic attack of the fusion protein which results in cleavage at 
severel locations and consequently product loss and generation of 
contaminating fragmente. Also problems wHh inefficient or incomplete cleavage 
of the fusion protein frequentty occur with the presently known enzymes. Such 
inefRcient cleavage reduces the yield and may also Introduce heterogeneity to 
the purified protein resulting in the recovery of only a small fracHon of the 
desired protein. 

A further problem that Is associated with several of the presently applied 
enzymes for fusion protein cleavage Is that spurious or extraneous amino acids 
are frequently attached to the cleaved polypeptide product (the polypeptide of 
Interest). These amino acids are typically present when a linker is cleaved, and 
the unrelated amino acid residues may have an effect on the properties of the 
resulting protein of Interest. This may be critical for proteins produced for 
human therapeutics. Therefore, it is highly desirable to be able to produce pure 
authentic polypeptides free of extraneous amino acid short sequences or 
residues. 

The problem is illustrated in US 4.543,329 which describes a process for 
selectively cleaving a fusion protein by the use of collagenase. However, the 
use of tills enzyme produces a protein of Interest witti the sequence Gly-Pro at 
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its N-terminal. In order to obtain the protein of Interest in authentic Ibnm, these 
extfBneous amino acids (Gly and Pro) must subsequently be removed in a 
further reaction step by tiie use of one or more different amino peptidases 
(such as aminoacyiproline amino peptidase and proline amino peptidase). 

The problem is also Illustrated in US 5.427,927 which describe a process for 
sequence speciRc cleavage of fusion proteins by the use of IgA protease, 
wherein a IgA protease recognition site is inserted in the Junction region of a 
fusion protein which is subsequently cleaved with IgA protease. The 
recognttton site for the IgA protease is the amino acid sequence Y-Pro.LX-Pro. 
in which X can be any amino add, Y can be one or several arbitrary amiiK) 
acids, and ! denotes the cleavage site. However, the proteins of interest which 
are formed after cleavage by IgA protease, are characterised by having an X- 
Pro extraneous amino sequence at Its N*terminal, i.e. the resulting protein of 
interest is not in its native or authentic Ibrm. 

Presently, the most widely used proteolytic en2ymes for fusion protein 
cleavage are the serine proteases factor Xa and thrombin. However, both 
enzymes are known to perform non-spedfic deavage of fusion proteins. In 
* addition, factor Xa has to be isolated from lx>vlne serum and as a 
consequence when it is used to deave proteins for therapeutic applications an 
extensive purification and analysis is necessary aftenvards In order to detect 
pathogenic factors such as viruses and prions which may be present (e.g. 
prions causing bovine spongiform encephalopathy). Furthermore, these 
enzymes are rather expensive. 

In view of these prior art shortcomings and drawbacks, it is therefore an object 
of the present invention to provide an improved method for en^matic deavage 
effusion proteins. 

It has been found by the present inventors, that the above technical problems 
may be overcome by using Granzyme B pn^tease (EC 3.4.21 .79) for enzymatic 
cleavage effusion proteins. Thus, it has surprisingly been found that 
Granzyme B protease allows for highly efficient cleavage effusion proteins 
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having a Grarcyme B protease cleavage site with a high degree of deavage 
specifidty. In particular Granzyme B protease has proven to perfbnfn more 
specific fusion protein cieavage tlian tiie presently and v^rideiy used protease 
factor Xa. It has furthenmore been found that Granzyme B cleavage effusion 
proteins that contain a Granzyme B recognition sequence po^loned between 
an isl-terminal fusion partner and a C4erminai polypeptide of intisrest, results In 
a polypeptide of interest that have no extraneous amino adds derived from the 
deavage site, i.e. a polypeptide In authentic form. Thus, recombinant proteins 
of Interest with native amino acid sequence may be produced as a result of 
fusion protein deavage by Granzyme B. Rnally, the Granzyme B protease has 
the advantage tiiat it can be produced recombinanUy. 

Summary of the invention 

Accordingly, the present invention relates in a first aspect to a method for the 
preparation of a polypeptide of Interest in authentic fomn. The method 
comprises the steps of (i) providing a fusion protein having a polypeptide of 
interest which is fused to a fusion partner, where the Junction region between 
the polypeptide of interest and the fusion partner comprises a Granzyme B 
protease recognition site having a Gran^me B protease deavage site 
adjacent to the protein of interest, and (ii) contacting the fusion protein with 
Granzyme B protease (EC 3,4.21 .79) to deave it at the cleavage site to yield 
the protein of interest in authentic form. 

In a further aspect there is provided a fusion protein comprising a polypeptide 
of interest and a fusion partner, wherein the Junction region between the 
polypeptide of interest and the fusion partner comprises a Granzyme B 
protease recognition site having a Grandma B protease cieavage site 
adjacent to the protein of interest. 

In still further aspects there is provided an isolated nucleic acid sequence 
encoding such a fusion protein, a recombinant vector comprising the isolated 
nucleic acid sequence, a host cell transfonned with such a vector, and a 
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of the polypeptide of interest and. if the protein Is to be used clinically, may 
cause antigenicity problems. Therefore It Is necessary to cleave the fusion 
protein to release the polypepHde of inteiesL 



In principle this can be achieved by chemical or biochemical methods such as 
enzymatic cleavage. However, it is Important that the cleavage Is highly 
specific and only takes place in a cleavage sequence between the protein of 
Interest and the fusion partner. i.e. the junction region, but preferably not within 
the protein of Interest itself, as this may e.g. severely affect the bloactivity of 
the protein of Interest. Such methods employ agents that act by hydrolysis of 
peptide bonds and the specificity of the cleavage agent is detennined by the 
Identity of ttie amino acid residue at or near the peptide bond which Is cleaved. 

Biochemical methods Ibr cleavage of fusion proteins are based on the use of 
proteases (proteolyHc enzymes). However, enzymatic cleavage of fusion 
proteins is limited In that the amino acld(s) which are specific for ttie cleavage 
site call at the same time also occur in the protein of interest itself. Therefore, 
enzymes are particularly suitable which, In order to cleave, not only recognises 
one amino acid but rather a sequence of amino adds, since the probability that 
a particular amino acid sequence is present once again in the protein of 
Interest in addition to the cleavage site between the protein of Interest and the 
fusion partner is less the larger the number of amino acids necessary lor the 
recognition and cleavage of the cleavage sequence. 

Up till now. a number of proteases have been used for enzymatic cleavage of 
fusion proteins by contacting ttie fusion protein with a protease under 
appropriate conditions. 



WO 03/010204 relates to a process for separating a protein of interest from a 
fusion protein by the use of ubiquitin cleavage enzyme, which according to ttils 
document is an enzyme that cleaves a peptide bond next to the amino acid 
sequence RGG at the CMemilnus of proteins such as ubiquitin. 
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^ ' CLEAVAGE OF FUSION PROTEINS USING GRANZYME 
B PROTEASE 



Field of the invention 

The present invention relates to a method for the preparation of a polypeptide 
of interest fn authentic fonm by enzymatic cleavage of recombinantly produced 
fusion proteins by the use of Granzyme B protease. Furthermore, the Invention 
pertains to fusion proteins comprising a Granzyme B cleavage site. 



Bacicground of the invention and prior art 

The production and purification of recombinant polypeptides such as 
phanmaceutical proteins in a highly purified and welk:haracterized form, has 
become a major tasic within the area of protein engineering in general, and in 
the pharmaceutical industry in particular. 

The preparation of such recombinant polypeptides relies frequently on 
techniques which involve the production of the polypeptides as fusion proteins 
or hybrid proteins, wherein a protein or polypeptide of interest is fused to a 
carrier or a fusion partner such as a polypeptide or protein. 

The presence of a fusion partner or cam*er which is fused to the polypeptide of 
interest has the advantages that it may render the fusion protein more resistant 
to proteolytic degradation, may facilitate enhanced expression and secretion, 
improve solubility and allow for subsequent affinity purification of the fusion 
protein. Also by fusion protein expression, potentially bio-hazardous materials, 
such as peptide honmones, may be produced In an Inactive form which can 
then be activated subsequently In vitro by cleaving of the fusion partner. 

However, such fusion proteins themselves are not nomially suitable as end 
products as the fusion partner e.g. may affect the biological activity or stability 
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method for the production of the fusion protein which comprises the steps of (i) 
providing such a recombinant vector which Is operatively linked to a promotor, 
(11) transfonnlng a host cell with the recombinant vector, (III) culturing the host 
cell under conditions to express the fusion protein, and (iv) optionally isolating 
the fusion protein. 

Detailed disclosure of the invention 

In one aspect the present invention relates to a method for preparing a 
polypeptide of interest in authentic fonn by enzymatic cleavage effusion 
proteins. Accordingly, the method comprises, as is mentioned above, the steps 
of providing a fusion protein comprising a polypeptide of interest and a fusion 
partner wherein the junction region between the polypeptide of Interest and the 
fusion partner comprises a Granzyme B protease recognition site which has a 
Granzyme B protease cleavage site adjacent to the polypeptide of interest. The 
fusion protein is subsequently contacted with Granzyme B protease to cleave 
the fusion protein at the Granzyme B protease cleavage site to yield the 
polypeptide of interest in authentic form. 

In accordance with the present invention there Is provided a method for 
producing polypeptides of interest in authentic form. As used herein, the term 
"authentic form" refers to a polypeptide which comprises the amino acid 
sequence thereof without any additional amino acid residues. As described 
above, a major problem associated with several of the presently applied 
en^mes for fusion protein cleavage is that spurious or extraneous amino acids 
frequently remains attached to the cleaved polypeptide product, i.e. resulting in 
a polypeptide which is not in an "authentic fonm". Thus, in the present context 
the polypeptide of interest in authentic foma refers to a polypeptide having the 
same primary amino acid sequence as that encoded by the native gene 
sequence coding for the polypeptide of interest, I.e. it does not contain any 
non-native amino acids. It will be appreciated that a polypeptide of interest in 
authentic form not necessarily is a polypeptide that occurs in nature, but it may 
also be partially or completely artificial. In contrast, a "non-authentic" 
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polypeptide contains at least one amino acid which is not encoded for by the 
native gene sequence coding for the polypeptide of interest. 

In accordance with the Invention, the Junction region between the polypeptide 
of interest and the fusion partner comprises a Granzyme B protease 
recognition site which has a Gran2yme B protease cleavage site. Such a 
recognition site refers to a defined amino acid sequence that allows Granzyme 
B to recognize and to cleave the junction region between the protein of inteiBSt 
and the fusion partner. This Junction region may be of any suitable length. 
Thus, it is contemplated that the junction region may in useful embodiments be 
in the form of a linker sequence. However, in order to obtain the protein of 
Interest in authentic form, it Is prefenred that tlie Granzyme B cleavage site is 
positioried adjacent to the protein of Interest in order to allow for specific 
cleavage of the fuston protein without resulting In spurious or extraneous 
amino acids remaining attadied to the resulting protein of interest Hence, the 
term "adjacent to" imply that the Granzyme B recognitton sequence, which in 
some embodiments may be preceded by a linlcer sequence, is positioned such 
that the Granzyme B cleavage site is flanking the N-temiinal of the polypeptide 
of interest 

Granzymes are granule-stored serine pnDteases that are implte^ated In T cell 
and natural killer cell-mediated cytotoxic defence reactions after target cell 
recognition. The principal function of granzymes Is to induce the death of virus- 
infected and other potentially hanmful ceils. Granzyme B is one type of 
granzymes, and upon target cell contact it is directlonally exocytosed and 
enters target cells assisted by perforin (a cytolytic protein expressed by 
cytotoxic T cells and natural killer ceils). Granzyme B processes and activates 
various pro-caspases, thereby inducing apoptosis in the target cell, in 
accordance with the invention, the temn "Granzyme B protease" Includes 
en2ymes which are classified under the Enzyme Commission number EC 
3.4^1.79 In Enzyme nomenclature database, release 30, March 2003 
(http://www.expasy.org/enzyme). Thus, in accordance with the invention any 
suitable Granzyme B protease may be used including human Granzyme B 
protease, mouse Granzyme B protease and rat Gran^me B protease. It is 
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generally preferred to use human Gian2yme B, when ttie method in 
accordance with invention is used for the preparation of human therapeutic 
protein products. Human Granzyme B protease occurs in most human tissues 
where its biological lunction is lialrly well known. Therefore, the presence of 
trace amounts of residual Grange B protease In the final therapeutic protein 
product exhibit a minimal lisic for the patient to whom the therapeutic protein 
product is administered. Thus, it is ioiown that if active Granzyme B protease is 
injected into the human blood stream it is swifUy trapped by a!pha-2- 
macroglobulin and the comply is cleared via the LRP scavenging receptor. 
Granzyme B protease is also known under the alternative name "Cytotoxic t- 
lympho<^e proteinase 2". 

Granzyme B protect is known to have a preference for cleaving after 
aspartate residues (D), and Granzyme B is the only mammalian serine 
protease known to have this Pl-proteolytfo specificity. Hence, it is 
contemplated that the Granzyme B cleavage site ir^ useful embodiments at 
least comprises an aspartete resMue at the PI position focated N-temiinally to 
the cleavage site. Some of the presentiy known Granzyme B prxvtease 
recognition sites are disclosed In Harris et al (1998). Thus, in useful 
embodiments, tiie recognition site has an anrino add sequence of the general 
fomiula: P4 P3 P2 P14. tocated N-temriinaliy to cleavage site, wherein P4 
preferably is amino acid I or V, l=»3 preferably is amino add E, Q or M, P2 is X. 
where X denotes any amino acid. PI preferably is amino add D, and i is the 
cleavage site for the Gran^me B protease. 

It was found by the present inventors, that Granzyme B protease Is capable of 
cleaving off polypeptides from a fusion protein, wittiout leaving any non-native 
amino acids on tiie polypeptkle. In particular it was surprisingly found that 
Granzyme B would recognise and cleave off polypeptides from a fusion protein 
after the P1 position without any strict requirements for specific amino acid 
residues at the P1*-P4' positions. I.e. the amino add positions following the 
deavage site. This is contrary to the findings In the prior art. In e.g. Sun et al. 
(2001) It is concluded that tiie Pr-P4' residues of Granzyme B substrates are 
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Important for sutistrate t)incling, and that highest affinity for the substrate is 

» 

observed when an acidic P4' residue is present (i.e. either aspartate or 
glutamic add). Furthemtore. Harris et al. (1998) concluded that Granzyme B 
has a strong preference for glydne residue at the P2' position. Despite these 
prior art findbfigs. It has now been established that Granzyme B protease may 
be generally used for deaving off polypeptides of interest from fusion proteins, 
without the need for specific amino add residues at the P1'-P4' positions. 

As mentioned above, a forther particular advantage of the present Invention Is 
the finding that Granzyme B protease allows for highly effldent cleavage of 
fusion proteins having a Granzyme B protease deavage site a high 
degree of deavage specificity. In particular it has been found that Granzyme B 
protease peifonn more specific fusion protein deavage ttian the presently and 
widely used protease for fusion protein deavage, namely factor Xa. Thus, as 
will be apparent from the below examples, it vras found that when five different 
fusion proteins previously made as factor Xa deavable fUslon proteins, were 
deaved by Granzyme B protease, it resulted in a deavage perfomiance that - 
was as specific as or even more spedfic than that found with factor Xa. This 
may e.g. be seen from Example 5 and the accompanying Rgura 9 illustrating 
an extended time course PAGE analysis of the digestion of the fusion proteins 
H6-FX-RAP and H6-GrB-I^P with factor Xa and Granzyme B, respectively. It 
is dearly seen from this experiment that there was an essentially complete 
cleavage after 30 min. of the fusion proteins with both proteases. IHowever, 
more brealcdown products were produced by the use of factor Xa as compared 
to Granzyme B. This dearly sliows that Granzyme B is highly specific, and 
even more spedfic than tiie widely used protease factor Xa. 

Although not necessary, it may In certain embodiments be advantageous to 
select the polypeptide of interest such that the polypeptide of interest, when it 
Is a part of the fusion protein, N-terminaliy comprises the amino acids P1' and 
P2' resulting in the general Granzyme B recognition site fomiula P4 P3 P2 
PUp1'P2' wherein PI' Is X, where X denotes any amino, and P2' is G. 
Although Granzyme B protease has no strict amino acid selectivity for the PI' 
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position, there is a general preference for large hydrophobic amino adds at this 
position including Trp CT), Leu (L). Phe (F) and lie (I). Thus, in one useful 
embodiment the amino add at position PI* is selected from T. L. F and I, it 
may In a further aspect of the invention be advantageous that the polypeptide 
of interest is selected such that It. when being part of the fusion protein. N- 
tenninally comprises an addle amino add at the P4' position, such as D or E. 

In the present context the tenns "amino add" and "amino add residues" r&fer 
to all naturally occuning L-alpha-amIno adds. This definition Is meant to 
Include norleudne. ornithine, and homocysteine. The amino adds are identified 
by either the three-letter or single-letter designations: 

Asp. D: aspartic add lle.I: isoleudne 

Thr. T: threonine Leu. L: leucine 

Ser, S: serine Tyr. Y: tyrosine 

Glu, E: glutamic add Phe. F: phenylalanine 

Pro. P: proline His, H: histldlne 

Gly. G: glycine Lys. K: lysine 

Ala, A: alanine Arg, R: arglnine 

Cys. C: cysteine Trp, W: tryptophan 

Val.V: valine- Gin, Q: giutamlne 

Met, M: methionine Asn, N: asparaglne 

NIe, J: norieudne Om. O: ornithine 

Hey, U: homocysteine Xxx, X: any L-alpha-amIno add. 

in further useful embodiments, the Granzyme B protease recognition site has 
an amino acid sequence which Is seleded from ICPD4., lEADi, lEPDi, lETDi. 
IQADJ., ISADi, ISSDi, ITPDi. VAPOi, VATD>1, VCTDJ,, VDPDi, VDSD4.. 
VEKDi, VEQDi. VGPDi. VRPDi, VTPDl. LEEDi. LEID4.. LGNDi. LGPDJ,. 
AQPD4.. DEVDi. where i is the deavage site for Granzyme B. These 
recognition and deavage sites have previously been described by Casdola- 
RosenetaL(ig99). 
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As used herein, the term "polypeptide" should not necessarily indicate a limit 
on the size of the desired peptide polymer. Thus, fliis tenn is to be Interpreted 
in its broadest sense, and hence includes peptides on the order of up to SO or 
so amino acids, including oligopeptides such as di-. trl-, tetra-. penta-. and 
hexa-peptides, poiypieptides and proteins. 

in accordance with the Invention the terms "polypeptide of interesf or "desired 
polypeptide" refer to the polypeptide whose expression is desired witiiin the 
fusion protein. As previously described, in the fusion protein the polypeptide of 
interest will be Joined or fused with another protein or protein domain, ttie 
fusion partner, to allow for e.g. enhanced stability of tiie poiypeptide of interest 
and ease of purification of the fusion protein. In useful embodiments the 
poiypeptide of interest is a protein such as a secreted protein. Secreted 
proteins have various industrial applications, including as phanrnaceuticals. and 
diagnostics. Most protein drugs available at present, such as thromt)otytic 
agents, interferons, Interieulcins. erythropoietins, colony stimulating factors, and 
various other cytokine, are secreted proteins. In a presently prefenred 
embodiment the polypeptide of interest is a polypeptide hormone such as a 
polypeptide tiomnone selected from somatotrophin, glucagon, insulin and 
interferon. 

In a further aspect of the invention the polypeptide of interest is an enzyme, 
such as Granzyme B, Thus, by providing a fusion protein In accordance with 
the invention and selecting Granzyme B protease as the polypeptide of 
interest, there is provided a self activating or autocatalytic Granzyme B 
protease which offers the possibility of providing inactive pro-Granzyme B 
which subsequently may be activated, in principle, by the addition of a single 
molecule of active Granzyme B protease. Thereby, there is provided pro- 
Granzyme B which is not dependent on the addition of e.g. extemal activator 
biologicals for its activation. As will be apparent from the following examples, 
the Granzyme B self activation was found to progress quantitatively to 
completion, and self activating samples of Granzyme B protease subjected to 
furttier incubation for several days were found to retain stable activity levels 
and produce minimal amounts of autolysis products. This clearty demonstrates 
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that self activating Granzyme B protease lias tlie advantage of being highly 
' stable to autolysis (cannibalism). 

The fusion partner may. in accordance with the Invention, be of any suitable 
kind provided that it is a peptide, oligopeptide, polypeptide or protein, including 
a di-peptide, a tri-peptlde, a tetra-peptide, penta-peptide and a hexa-peptide. 
The fusion partner may in certain instances be a single amino acid. It may be 
selected such that It renders the fusion protein more resistant to proteolytic 
degradation, facilitate enhanced expression and secretion of the fusion protein, 
improve solubility, and allow for subsequent affinity purification of the fusion 
protein. 

The fusion protein of the present invention may in useful embodiments 
comprise a fusion partner which is an afRnity-tag. Such an afflnlty-tag may e.g. 
be an affinity domain which penmits the purification of the fusion protein on an 
aftinity resin. The afRnity-tag may also be a |30lyhisUdine-tag including 
hexahis-tag, a polyarglnlne-teig, a FUkG-tag, a Strep-tag, a c-myc-tag. a S-tag. 
a calmodulin-blnding peptide, a cellulose-binding peptide, a chltin-binding 
domain, a glutathione S-transferase-tag, or a maltose binding protein. 

in general the fusion partner will typically be selected on the basis of 
characteristics contributing to ease isolation, most desirable being those that 
are readily secreted by the microorganisms producing the fusion protein. 
Polyhlstidine sequences, glutathione S4ransferase and maltose binding 
protein, for example, are generally prefenred as there are readily available 
affinity columns to which they can be bound and eiuted from. 

The method according to the invention may in useful embodiments Include an 
isolation step for Isolating the protein of interest which is formed by the 
enzymatic cleavage of the fusion protein, which has e.g. been immobilised by 
the use of the above mentioned affinity-tag systems. This isolation step can be 
perfomned by any suitable means known in the art for protein isolation, 
including the use of ion exchange and fractionation by size, the choice of which 
depending on the character of the polypeptide of interest 
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In accordance with the invention the fusion protein is contacted iMth Granzyme 
B protease to cleave the fusion protein at the Granzyme B protease cleavage 
site to yield the polypeptide of interest in authentic form. This iBacUon may be 
carried out batchwise using free Granzyme B, or it may be carried out by using 
Gransyme B protease in an immobilised fomn. e.g. via adsorption, covalent 
binding, entrapment or membrane confinement. Suitable cam'ers for 
immobilised Granzyme B protease include conventional carriers such as 
polyacrylamide, chitin, d^dran. icappa canrageenan. cellte and cellulose. 
Immobilisation of enzymes by their covalent coupling to insoluble matrices is 
an extensively used technique. Lysine residues are found to be the most 
generally useful groups for covalent bonding of enzymes to Insoluble supporte 
due to tiielr widespread surface exposure and high reactivity. Thus, in useful 
ernbodiments the Granzyme B protease is Immobilised via a lysine amino acid 
residue. In a further aspect the Granzyme B protease is immobilised via its 
temiinus, e,g. by means of a polyhistidine-tag. Including a hexa-hlstidine4ag. 
The reaction may also be conducted by using a free Granzyme B protease in 
combination with a membrane-type bloreactor, or using a continuous type 
btoreactortogettier wRh an immobilised. Granzyme B protease. 

As will be apparent from the following examples, it has surprisingly been found 
that the time required for the cleavage of free fusion proteins (I.e. not 
immobilised) which comprises a polyhlstidine fusion partner such as hexa-his, 
may be decreased dramatically if the fusion protein is contacted wltti 
Granzyme B protease in the presence of Ni^ ions and Nitrilotriacetic Acid 
(NTA). It is contemplated that tiie main reason for this remarkable increase in 
cleavage speed, is that the Ni^"* Ions bind the N-terminal polyhlstidine fusion 
partner of tiie fusion protein and facilitate access for the Granzyme B protease 
to the cleavage site. Additionally it is also considered tiiat the addition of NTA 
will shield tfie Ni^* Ions in solution in a similar fashion as on a Ni^*-NTA 
agarose column, and thereby avoid precipitation of tiie resulting protein. When 
perfonning such a cleavage process, it is generally preferred tiiat tiie 
concentration of Ni^ is in the range of 1-20 mM, and the concentration of NTA 
is In the range of 1-20 mM. FurOiemiore. the temperature is preferably in the 
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range of 20-50°C, including tlie range of 25-45»C. in a preferred embodiment, 
the tenq>erature is in tiie range of 35-40''C, such as about 37°C. In an even 
more preferred embodiment, the temperature Is in the range of 40-45«C, such 
as about 42°C. 

In accordance with the invention, there is also pro>dded a fusion protein 
comprising a polypeptide of interest and a fusion partner, wherein the junction 
region between the polypeptide of Interest and the fusion partner comprises a 
Granzyme B protease recogrtition site having a Grange B protease 
cleavage site adjacent to the protein of interest 

The fu^n protein of the present invention may be pressed In any suiteble 
standard protein expression system t>y cutturing a host transformed vtfitti a 
vector encoding the fusion protein under such conditions tiiat the fusion protein 
Is pressed. Preferably, the expression system Is a system from which the 
desired fusion protein may readily be Isolated and refolded in wOro. As a 
general matter, prokaryotic expression systems are preferred since high yields 
of protein can be obtained and efficient purification and refolding strategies are 
available. However, numerous host cells may be selected as appropriate for 
transfonnation and expression of the described fUslon proteki. including 
mammalian insect, fungal and bacterial host cells which are particulariy 
desirable. Commonly used bacterial strains include Badllus and Escherichia, 
including £ coif. Thus, H Is well within the abilities and discretion of the sIcHled 
artisan, without undue experimentation, to choose an appropriate or tavourite 
host and expression system. SlmHariy, once the primary amino acid sequence 
for the fusion protein of the present invention is chosen, one of ordinary skill In 
tile art can easily design appropriate recombinant nuclete acid sequence or 
PNA constructs encoding the fusion proteins of ttie Invention, taking into 
consideration such factors as codon biases In tiie chosen host, the need for 
secretion signal sequences in ttie host, tiie introduction of proteinase cleavage 
sites within tiie signal sequence, and flie like. These recombinant DNA 
constructs may be inserted in-frame Into any of a numfcier of expression vectors 
appropriate to tiie chosen host The choice of an appropriate orfavourite 
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expression vector Is, again, a matter well within the ability and discretion of the 
skilled practitioner. Preferably, the expression vector will Include a strong 
promc^er to drive expression of the recombinant constructs. 

Ffnally, there Is provided a method for the production of a fusion protein 
according to invention which comprises the steps of (1) providing a recombinant 
vector comprising the isolated nucleic acid sequence encoding the fusion 
protein of the Invention according which is operatively linked to a promoter, (ii) 
transforming a host cell with this recombinant vector, (ill) cuituring the host ceil 
under conditions to express the fusion protein, and 
(iv) opttonaliy isolating the fusion protein. 

The Invention wHI now be described by way of lllustratton in the following non- 
limiting e)ramples and figures. 

Description of the figures 

F^ure 1 shows the activity of an incubation of QrB-H6 with FXa foltowed for 
several days using the foitowing colorimetric assay: 500 )il buffer (100 mfA 
NaCI. 50 mM Tris-HCI pH 8.0), 4 |ii100 mM Ac^lEPD-pNA and 5 pi GrB-H6. A 
mixture of 100 |il GrB-H6 (approximately 10 ps) with 1 jii FXa (1 mg/ml) was 
kept at during the Incubatton, and the activity was measured after 0 houre, 
2 hours, 5 hours, 19 hours. 2 days and 5 days. 

Figure 2 shows the SDS PAGE of samples from the H6-IEPD-TripUB and H6- 

IEPD-TN123 incubations after 12 hours Incubation with G1B-H6. 

Description of the lanes A-J: 

A: Molecular weight marker 

B: H6-IEPD-TripUB atone after 12 hours incubation 

C: 200 p] H6-IEPD-TripUB + 1 pi GrB-H6 after 12 hours incubation 

D: 200 mJ H6-IEPD-TripUB + 10 pJ GrB-H6 after 12 hours incubation 

E: H6-FX-TripUB incubated FXa 
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F: H6-IEPD-TN123 alone after 12 houre incubation 
6: 200 |jJ H6-IEPD-TN123 + 1 pi GrB-H6 after 12 houre incubation 
H: 200 \ii H6-IEPD-TN123 + 10 jil GrB-H6 after 12 houre Incubation 
I: GrB-H6 alone in the same concentration as in lanes D and H 
J: Murine H6-FX-TN123 cleaved with FXa 

Lane B shows non-cleaved H6-IEPD-TripUB (1). where no GrB-H6 was added, 
while lanes C and D show the two Incubations with 1 and 10 pA GrB-H6 added, 
in both these lanes the product of the cleavage reaction; conectly cleaved H6- 
lEPD-TripUB (2) is seen In addition to the non-deaved fusion protein. In lane E 
the construct H6-FX-TripUB, containing the FXa recognition site IQGR in place 
of the GrB recognition site lEPD, Is cleaved by FXa giving a product of the 
same size as the Gr6-H6 cleaved H6-IEPD-TrlpUB. 

Lanes F-J show the Gifi-H6 + H6-IEPD-TN123 Incubations after 12 houre. In 
lane F Is shown non-deaved H6-IEPD-tN123 (3). Lanes G and H show how 
H6-IEPD-TN123 Is deaved by GrB-H6 when no Ca^* is present (4). The band 
pattern is explained In figure 12. In lane J the murine H6-FX-TN123 construd 
has been deaved by FXa showing the size of the corredly deaved product 
Marked by (5) In the figure is the position of GrB-H^ with the same 
concentration as In the samples with 10 ^l GrS-H6 added. 

Figure 3 shows the SDS PAGE of the samples from the GrB-H6 + H6-IEPD- 

TripUB incubations after 12, 19 and 24 hours of Incubation, as well as the 

samples from the GrB-H6 + H6-IEPD-TN123 incubations. 

Description of the lanes A-K: 

A: Molecular weight marker 

B: H6-IEPD-TripUB alone after 12 houre Incubation 

C: 200 III H6-iEPD-TripUB + 1 jU GrB-H6 after 12 houre incubation 

D: 200 III H6-IEPD-TripUB + 1 |il GrB-H6 after 19 houre Incubation 

E: 200 III H6-IEPD-TrlpUB + 1 nl GrB-H6 after 24 houre Incubation 

F: 200 111 He-IEPD-TripUB + 10 pi GrB-H6 after 19 houre Incubation 

G: 200 III H6-IEPD-TripUB + 10 |U GrB-H6 after 24 houre Incubation 

H: GrB-H6 alone diluted as in F and G 

I: H6-IEPD-TN123 alone after 12 houre Incubation 
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J: 200 Mi H6-IEPD-TN123 + 1 \ii GrB-H6 after 12 hours incubation 
K: 200 vd H6-IEPD-TN123 + 10 jU GrB-H6 after 12 hours Incubation 
Lane B shows non-cleaved H6-IEPD-TripUB (1). In lanes C-E the con-ectly 
cleaved product appears In all lanes, marked by (2) in the figure. The more 
GrB-H6 added and the longer the incubation time, the more cleavage product 
appears in the lanes. 

Lanes I. J, and K in Rgure 3 are Identical to lanes F, G, and H in figure 2 with 
the H6-IEPD-TN123 + GrB-H6 Incubations, though a larger sample has been 
run on the gel In Rgure 3. The bands are therefore much clearer than in figure 
2. The band marked with (3) is non-cleaved H6-IEPD-TN123 and the band 
pattern marked with (4), (5). (6) and (7) is explained In figure 12. 

F^ure 4 explains the simple band pattern observed in figures 2 and 3. When 
no 61B-H6 te added, no cleavage occurs and only the band from the non- 
deaved fusion protein is seen in the gel. When GrB-H6 is added, the small N- 
terminal sequence is cleaved off and the correctly cleaved product appears on 
the gel in addition to the remaining non-cleaved fijston protein. The small N- 
terminal sequence deaved off by GrB-H6 is too small to be visualized on the 
SDS gel. 

Rgure 5. 6 and 7 show the SDS PAGE of the samples flrom the H6-iEPD- 

TripUB + GrB-H6 incubations at 23»C (figure 5), 37''C (figure 6) and 42»C 

(figure 7) with no addition (1). addition of 4.2 mM Ni^ (2) and additton of 4.2 

mM Ni'* + 5 mM NTA (3). Description of the lanes A-K (same for aU 

temperatures): 

A: Molecular weight marker 

B: Non-deaved H6-IEPD-TripUB 

C: 200 Ml H6-IEPD-TripUB + 5 |U GrB-H6, no addition 

D: 200 Ml H6-IEPD-TripUB + 5 pi Grfi-H6, no addition 

E: 200 Ml H8-IEPD-TripUB + 5 mI GrB-H6, no addition 

F: 200 Ml H6-IEPD-TripUB + 5 mI GrB-H6, 4.2 mM Ni^* 

G: 200 Ml H6-IEPD-TripUB + 5 mI GrB-H6, 4.2 mM Nl^* 

H: 200 Ml H6-IEPD-TripUB + 5 mI GrB-H6. 4.2 mM Ni^ 
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1: 200 |jl H6-IEPD-TripUB 5 pi GrB-H6. 4.2 mM Ni^"^ and 5 mM NTA 
J: 200 id HO-lEPD-TripUB + 5 pJ GrB-H6. 4.2 mM Np*and 5 mM NTTA 
K: 200 pi H6-IEPD-TripUB + 5 pi GrB*H6. 4.2 mM Np^ and 5 mM NTA 
In fanes C-E (1) in all three figures where no Hf* or NTA was added, the H6- 
lEPD-TripUB fusion protein is cleaved at different rates for different 
temperatures. After 22 hours at 23''C approximately 40% of the fusion protein 
has been cleaved. At 37^0 and 42''C more was cleaved after 22 hours than at 
23''C, approximately 60% at 37''C and 50% at 42''C. 

Because of the precipitation of protein observed at dT'C and 42°C with 4J2 mM 
Ni^ no further cleavage of the fusion protein after 2 hours incubation was seen 
in the gel. Therefore less protein was seen in lanes F-H (2) in figures 6 (Sy'C) 
and 7 (42''C) than in lanes F-H (2) in figure 5 (23''C). In figure 5, lanes F-H (2). 
approximately 50 % of the fusion pretein was cleaved to product after 22 houre 
incubation, which is more than was cleaved with no addition of Ni^. 
No precipitation was observed with 4.2 mM NP^ + 5 mM NTA added to the 
incubations. In figure 5 lanes 1-K (3) more product is seen than in lanes G-E (1) 
and F-H (2), so after 22 hours incubation at 23''C with both Ni^ and NTA 
present approximately 60 % of the fusion protein has been cleaved compared 
to only about 40 % with no addition and 50 % with Ni^^ alone. 
By further increasing the tempereture to 37X (figure 6 lanes l-K (3)) and 42''C 
(figure 7 lane l-K (3)) an even greater increase in the rate of cleavage is seen. 
After 22 hours of incubation at 37''C almost all the fusion protein is cleaved to 
the correct product A little less Is cleaved at 42^C after 22 hours. 

Figure 8 shows the SDS PAGE of the samples from the H6-IEPE>-RAP 

Incubafions with 1 or 10 |iil GrB-H6. Description of the lanes (A-L): 

A: Molecular weight marker 

B: H6-IEPD-RAP alone after 5 hours incubation 

C: 200 mJ H6-IEPD-RAP + 1 pi GrB-H6 after 5 hours incubation 

D: 200 pJ H&-IEPD-RAP -MO pi GrB-H6 after 5 houre incubation 

E: H6-IEPD-RAP alone after 23 hours incubation 

F: 200 jil H6-IEPD-RAP + 1 pi GrB-H6 after 23 houre incubation 
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G: 200 fil H6-IEPD.RAP + 10 jil GrB-H6 after 23 hours incubation 

H: H6-FX-RAP cut partly with FXa. purified 

I: H6-FX-RAP cut almost completely with FXa, purified 

J: H6-1EPD-RAP alone after 26 hours Incubation 

K: 200 nl H6-IEPD-RAP + 1 pj GrB-H6 after 26 hours incubation 

L: 200 pJ H6-IEPD-RAP + 10 ^1 GrB-H6 after 26 hours incubation 

Non-cleaved H&-IEPD-RAP (1) is shown in lanes B, E, and J. In fanes C and D 

It Is clear that all the H6-IEPD-RAP has been cleaved to give the final product 

(2) after only 5 hours incubation with either 1 or 10 (jI GrB-H6 as described 

abov(3. It is also clear that there Is at least one internal cleavage site in RAP 

giving rise to the two lower bands appearing in these lanes, i.e. the final 

product is cleaved Into two pieces both visible on the gel (3). Lanes F and G 

and lanes K and L show essentially the same as lanes C and D, though the 

samples were taken later, after 23 and 26 hours of incubation with GrB-H6 

giving rise to more cleavage in the apparent intemal site in RAP. 

In lanes H and I is shown purified samples of H6-FX-RAP cleaved partly (lane 

H) or completely (lane I) by FXa to give the final RAP product. In these lanes 

the degradation products from any intemal cleavage by FXa has been removed 

by purification. 

Figure 9 shows the SDS PAGE of the samples from the H6-IEPD-RAP + GrB- 

H6 and the H6-FX-RAP + FXa incubations. Description of the lanes (A-O): 

A: Molecular weight marker 

B: H6-FX-RAP alone after 27 hours Incubation 

C: 400 ^1 H6-FX-RAP + 1 jil FXa after 14 hour incubation 

D: 400 ^il H6-FX-RAP + 1 fxl FXa after 1 hour Incubation 

E: 400 pi H6-FX-RAP + 1 pJ FXa after 3 hours Incubation 

F: 400 \jd H6-FX-RAP + 1 pi FXa after 5 hours incubation 

G: 400 pJ H6.FX-RAP + 1 |iil FXa after 7 hours Incubation 

H: 400 pi H6-FX'RAP + 1 )il FXa after 27 hours incubation 

I: H6-GrB-RAP alone after 27 hours Incubation 

J: 400 pi H6-GrB-RAP + 2 pi GrB-H6 after Vz hour Incubation 

K: 400 pJ H6-GrB-RAP 2 pi GrB-H6 after 1 hour incubation 
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L: 400 111 H6-GrB-RAP + 2 |U GrB-H6 afler 3 hours incubation 
M: 400 111 H6-GrB-RAP + 2 |il GrB-H6 atter 5 hours incubation 
N: 400 111 H6-GrB-RAP + 2 |il GrB-H6 after 7 hours incubation 
0: 400 |tl H6-GrB-RAP + 2 |il GrB-H6 after 27 hours incubation 
In lanes B-H areihe samples from the H6-FX-RAP incubation (1), where lane 
B shows non-cleaved H6-FX-RAP. Lane C-H shows that after only Vz hour 
almost all of the fusion protein has been cleaved by FXa to give the correct 
product In lanes D-G some degradation products show up, and in lane H after 
27 hours of Incubation all of the fusion protein has been degraded to give a 
variety of smaller pieces, and there is no correctly cleaved product left 
Lanes i-O shows the samples firom the H6-GrB-RAP Incubation (2). Lane I 
shows non-cleaved H6-GrB-RAP, and as for H6-FX-RAP nearly all the H6- 
GrB-RAP has been cleaved confectly after only hour incubation with GrB-H6, 
as Is seen in lane J. In lanes K-N degradation products show up. but not nearly 
as many as for the H6-FX-RAP Incubation. In lane O after 27 hours of 
Incubation there is still quite a lot of correctly cleaved product left. 

Figure 10 shows the SDS PAGE of the samples from the H6-IEPD-TN123 + 
GrB-H6 incubation after 12 hours and 5 days without addition of Ca^^ Some 
samples have been reduced. Description of ttie lanes (A-N): 
A: Molecular weight marker 

B: 200 111 H6-IEPD-TN123 + 1 pj GrB-H6 after 5 days Incubation, 
sample reduced 

C: 200 111 H6-IEPD-TN123 + 10 |il Gr6-H6 after 5 days Incubation. 
8»nple reduced 

D + E: H6-IEPi3-TN123 alone after 5 days incubation 

F: 200 111 H6-iEPD-TN123 1 |il GrB-H6 after 5 days incubation 

G: 200 111 H6-IEPD-TN123 10 |il GrB-H6 after 5 days Incubation 

H: GrB-H6 alone diluted as in C and G 

I: I-I6-IEPD-TN123 alone after 12 hours incubation 

J: 200 III H6-IEPD-TN123 + 1 |U GrB-H6 after 12 hours incubation 

K: 200 lU H6-IEPD-TN123 + 10 |il GrB-H6 after 12 hours incubation 

L: H&-IEPD-TN123 alone after 12 hours Incubation, sample reduced 
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M: 200 ^1 H6-IEPD.TN123 + 1 \d GrB-H6 atter 12 hours incubation, 
sample reduced 

N: 200 p] H6-IEPD.TN123 + 10 |jd GrB-H6 atter 12 houre Incubation, 
sample reduced 

Lanes l-K are identical to lanes F-H In f^ure 2 and l-K in figure 3, i.e. samples 
after 12 hours incubation with either 0, 0.2 or 2 \iQ GrB-H6. Here the band 
pattern (1) indicates an internal cleavage site in the TN123 part of H6-IEPD- 
TN123, and the pattern Is further explained in figure 12. Lanes D-G show the 
fncubattons after 5 days, and here most of the fusion protein has been cleaved. 
In lane G (10 iii GrB-H6 added) almost all of ttie fusion protein has been 
cleaved twice (2); at the lEPDi sequence as well as at the internal site In 
TN123 with flie sequence AQPDsl. 

Lanes L-N and lanes B-D show the same samples after 12 hours and after 5 
days, respectively, but here the samples are reduced. This band pattern (3) is 
also explained in Figure 12 and again almost all of ttie fusion protein has been 
deaved twice after 5 days with 10 pi GrB-H6, lane C (4). 

Figure 11 shows the SDS PAGE of ttie samples from the H6-IEPD-nNJ123 + 
GrB-H6 Incubation after 12 houre and 2 days with the addition of 5 mM Ca^*. 
SorYie samples have been reduced. Description of the lanes (A-K): 
A: Molecular weight marker 

B: 200 pi He-IEPD.TN123 + 1 pi GrB-H6 and 5 mM CaClz, sample reduced 
C: 200 pi He-IEPD-TN123 + 10 pi GfB-H6 and 5 mM CaCk. sample reduced 
D: H6-iEPD-TN123 alone 

E: 200 pi H6-IEPD-TN123 + 1 pi GrB-H6 and 5 mM CaCl2 
F: 200 p] H6-IEP[>-TN123 + 1 pi GrB-H6 and no CaCia 
G: 200 pi H8-IEPD-TN123 + 10 pi GrB-H6 and 5 mM CaCb 
H: 200 pJ H6-IEPD-TN123 + 10 pi GrB-HB and no CaCfe 
I: GrB-H6 alone diluted as in G and H 

J: 200 pJ H8-IEPD-TN123 + 1 pi GrB-H6 and no CaCb after 2 days incubation 
K: 200 pi H6-IEPr>TN123 + 10 pi GrB-H6 and no CaCia after 2 days 
incubation 
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^ Lanes B-H and J-K show the Incubations of H6.|EPI>.TN123 with GrB-H6 after 
12 hours and 2 days, respectively. 

Lane D shows non-cleaved HWEPD.TN123. Comparing lane E and G (+ 5 
mMCa with lan e F and H (no Ca^ only two band^ .pj^r ^^^^^^ 
present (1). while four bands appear (2) when no Ca^ in present, as described 
for Prunes 2. 3. 10 and 12. After 12 hours Incubation with 10 pi GrB-He 
approximately 40 •^ of the fusion protein has been con«ctly cleaved when Ca^ 
Is present (lane G). while the cleavage of the two sites when no Ca^* is present 
happens a bit faster (lane H after 12 hours and K after 2 days), in lane K 
almost an the fusion protein has been cleaved twice (3). 
The samples In lanes B and C are reduced and still only two bands appear (4)- 
the non^eaved H6-IEPD.TN123 and the conecUy cleaved product, where the 
H6 Is removed. 



Rgure 1 2 shows a schematic representation of the band pattern observed on 
the SDS PAGE gels In figures 2. 3. 10 and 11. 

(A): When no Ca^^ fe present the HWEPD.TN123 construct is cleaved at two 
different sites Indicated by "GrB-HO The small N-temilnal part cleaved off 
is too small to be visualized on the gel. The resufting molecule consists of two 
polypeptide chains held together by a disulfide bond. 
(1) and (2): In a non-reducing gel the band pattern In (2) is obtained when the 
cleavage is not complete. (1) is the non-cleaved H6.IEPD.TN123. and in (2) 
the remaining non-cleaved fusion protein Is the second band from the top TTie 
top band in (2) is H6-IEPD-TN123 cleaved at the Internal site. AQPDi. giving a 
molecule of the same size as non-cleaved He-IEPD.TN123. but less compact 
The band at the bottom is the correcOy cleaved ftision protein, whereas the 
third band ftom the top is the fusion protein cleaved twice; both at the correct 
lEPDi site and at the Internal AQPD4. site. When cleaved at the internal site 
the molecule is less compact and therefore migrates shorter in the gel than the 
correctly cleaved fusion protein. 

(3) and (4): if the samples are reduced the band pattern In (4) is observed 
Here any disulfide bonds are brolcen. so only single polypeptide chains are 
seen in the geh (3) shows the position of the non-cleaved. reduced H6-IEPO. 



22 



TN123. The top band In (4) is the remaining non-cleaved H6-IEPD-TN123. 
while the second band from the top is the correctly cleaved and reduced H6- 
IEPD-TN123. Under the reducing conditions the molecules cleaved at the 
internal site are no longer hefd together by any disulfide bonds, and only the 
larger one of the two polypeptides afterintemal cleavage can be seen in the 
gel. Therefore the third band from the top Is the larger part of the internally 
cleaved fusion protein, and the bottom band is this larger part after cleavage at 
both tlie internal site and at the conect lEPDi site. 
(B): When 5 mM Ca^* Is added to the incubations, no internal cleavage is 
observed. Ca^* ions bind to the H6-IEPD-TN1 23 molecule in a way preventing 
G1S-H6 from cleaving the fusion protein at the internal AQPDi site. With the 
AQPD^l site rendered inaccessible cleavage only occurs at the conect lEPDi 
site. 

(5) and (6): When only cleavage at the conect lEPDi site occurs the band 
pattern in (6) is seen. The position of the non-cleaved H6-IEPD-TN123 is 
shown in (5). and so the top band in (6) is the remaining non-cleaved H6-IEPD- 
TN123. The bottom band is the fusion protein cleaved only once at the correct 
^te. The small l^temninal peptide is too small to be A^sualized in the gel. 

F^ure 13 shov\« samples from the incubations of three of the five H6-TrlpUB 

variants with GrB-H6. The three variants are H6-IEPD-TripUB, H6-TripUB 

IQADiSP and H6-TripUB IQAD^lSG. Description of the lanes (A-P): 

A: Molecular weight mariner 

B: H6-IEPI>TripUB alone after 24 hours incubation 

C: 200 \d H6-IEPD-TripUB + 5 jil GrB-H8 after 2 houre incubation 

D: 200 H6-lEPD-TripUB + 5 GrB-H6 after 6 houre incubation 

E: 200 ul H6-IEPD-TripUB + 5 pi GrB-H6 after 24 houre incubation 

F: 200 pJ H6-IEPD-TripUB + 5 pl GrB-H6 after 48 houre incubation 

G: H6-TripUB IQADiSP alone after 24 houre Incubation 

H: 200 pi H6-TripUB IQADiSP + 5 jil GrB-H6 after 2 houre of incubation 

1: 200 pi H6-TripUB IQAD>tSP + 5 pJ GrB-H6 after 6 houre of incubation 

J: 200 pi H6-TripUB IQADj^P + 5 pi GrB-H6 after 24 houre of Incubation 

K: 200 pJ H6-TripUB IQAD^lSP + 5 pi GrB-H6 after 48 houre of Incubation 
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L: H6;TripUB IQADiSG alone after 24 hours incubation 
M: 200 pJ H6-TripUB IQADiSG + 5 pJ Grfi-H6 after 2 hours incubation 
N: 200 Ml H6-TripUB IQADiSG + S\i\ GrB-H6 after 6 hours incubation 
0: 200 pi H6-TripUB IQADiSG 5 pi GrB-H6 after 24 hours incubation 
P: 200 til H6-TripUB IQADiSG 5 pJ 6rB-H6 after 48 hours incubafion 
In lane B is shown non-deaved HO^EPD-TripUB, while more and more 
correcHy deaved product appear in lanes C-F after incubation with GrB-H6. in 
lane F after 48 hours incubation approximately 2/3 of the original annount of 
non-deaved H6-IEPD-Ti1pUB has been correcUy. deaved. In lanes G-K is 
shown the H6-TripUB IQAD>lSP samples giving more or less the same picture 
as for H6-IEPD-TripUB with non-deaved H6-TripUB IQADiSP In lane G and 
an increa^g amount of. correctly deaved product in lanes H-K. The cleavage, 
though, is much slower than cleavage of the lEPDiSP sequence and ody a 
small amount has been deaved after 48 hours incubation. For the H6-TripUB 
IQADiSG samples In lanes L-P It is evident ttiat the cleavage is very much 
faster than for both H6-iEPD-TripUB and H6-TripUB IQADiSP. Lane L shows 
the non-deaved H6-Ti1pUB IQADiSG and already after only 2 hours 
Incubation the m^rity of the fusion protein has been deaved to give the 
correct product 

Rgure 14 shows samples from the incubations of two of the five H6-TripUB 
variante with GrB-H6. The two ramalning variants are H6-TripUB VGPDiSP 
and H6-TiipUB VGPDiFG. Description of the lanes (A-K): 
A: HB-TilpUB VGPDiSP alone after 24 hours Incubation 
8: 200 \il H6-Tr1pUB VGPDiSP GrB-H6 after 2 hours Incubation 
C: 200 ^l H6-TripUB VGPDiSP ->- 5 ^1 GrB-H6 after 6 hours incubation 
D: 200 111 H6-TripUB VGPDiSP 5 pi Gr&-H6 after 24 hours incubation 
E: 200 pJ H6-TripUB VGPDiSP + 5 pJ GrB-H6 after 48 hours incubation 
F: H6-TripUB VGPDiFG abne after 24 hours incubation 
G: 200 pJ H6-TripUB VGPDiFG 5 pi GrB-H8 after 2 hours incubation 
H: 200 pi H6-TripUB VGPDiFG 5 pJ 6rB-H6 after 6 hours incubation 
1: 200 pi H6-TripUB VGPDiFG + S pJ 6rB-H6 after 24 hours incubation 
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J: 200 Hi H6-TripUB VGPD4.FG + 5 jil GrB-H6 after 48 hours incubation 
K: Molecular weight marker 

In lane A is non-cleaved H6-TripUB VGPDiSP and In lanes B-E more and 
more correctly cleaved product appears as seen for H6-IEPD-TripUB (lanes B- 
F figure 13). Approximately half the amount effusion protein has been cleaved 
after 48 hours. In lane F non-cleaved H6-TripUB VGPD4.FG is shown and in 
lanes G-J the correctly cleaved product of H6-TripUB VGPDiFG appears. 
After only 2 hours incubation ail the fusion protein has been correctly cleaved. 
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Examples 
Example 1 

Design and construction of human Granzyme B expression vectors 
A sequence encoding activated human Granzyme B (E.C, 3.4.21.79), Le. from 
Ile21 (Ile16 In chymotrypsin numbering) to Tyf246, was cloned Into pT7 cloning 
vectors containing a hexa-His tag (H6) either N- or Otenninally. A blood 
clotting factor Xa (RQ) activation sequence of lEGR was placed just N- 
terminally to Ile21. A Granzyme B construct witti the C-termlnal hexa-l^istag is 
shown in SEQ ID NO. 26. The expression vectors pT7-IEPD-GrB-H6 and pT7- 
IEAD-GrB-l-16 were also constructed, wherein the FXa acti>^fion sequence qf 
lEGR was sut)stituted with lEPD or lEAD, respectively. The design and cloning 
of the vectors is outlined in the follov\ring: 

ConstrucBon of the dT7 Oterm H6 donina vector 

Ttie cloning vector pT7 C-tenm H6, was constructed by ligation of the DMA 
fragment made from the oligonucleotide primers H6 O-term fw (SEQ ID NO: 1 ) 
and H6 C-tenn rev (SEQ ID NO: 2) into an Ncol and EcoRI cut vector, pT7 
(Christensen JH et al.. 1991), using standard procedures. 

Cloning of human Granzvme B into dT7 expression vectors 

The expression vector pT7-GrB-H6, was constructed by ligation of the 8amHI 
and EcoRI restricted DNA fragment GrB EcoRI amplified from a mbcture of 
cDNA, isolated from human bone marrow, human leutcocyte, human 
lymphnodes, and lymphoma (f^Ji) cells (Clontech Laboratories, Inc cat # 7181- 
1, 7182-1, 7164-1, 7167-1) (with the oligonucleotide primers GrBfw (SEQ ID 
NO: 3) and GrBrev EcoRI (SEQ ID NO: 4)) into a SamHI and EcoRi cut vector; 
pT7 C-tenn H6, using standard procedures. Outlines of the resulting nucleotide 
sequence of GrB EcoRI, is given as SEQ ID NO: 5. 

The expression vector pT7-H6-GrB, was constructed by ligation of the fiamHI 
and Hindlll restricted DNA fragment GrB Hindlll amplified from a mixture of 
cDNA, isolated from human bone manow, human leukocyte, human 
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lymphnodes, and lymphoma (Raji) cells (Clontech Laboratories, Inc cat #7181- 
1, 7182-1, 7164-1, 7167-1) (with the oligonucleotide primers GrBfw (SEQ ID 
NO: 3) and GrBiev HIndlil (SEQ ID NO: 6)) Into a BamHI and Mndlll cut 
vector. pT7-H6 (Christensen JH et al.. 1991). using standard procedures. 
Outline of the resulting nucleotide sequence of GrB Hindlll. is given as SEQ 
ID NO: 7, 

Construction of expie s^n vector for self-acHvatlna human Granzvme B 

The expression vectors pT7-IEPD-GrB-H6 and pT7-IEAD-GrB-H6 were 
constructed by using the QuIkChange™ SItfe-Directed IVIutagenesis Kit 
(STRATAGENE. Catalog #200518) according to the manufacturers' protocol. 
The expression vector pT7-GrB-H6 was used as template. The oligonucleotide 
primers GrB GR-PD fw and GrB GR-PD rev (SEQ ID NO: 8 and 9) were used 
for construction of pT7-IEPD-GrB-H6 and the oHgonucleotlde primers Gie GR- 
AD fw and GrB GR-AD rev (SEQ ID NO: 10 and 1 1 ) were used for constoiction 
0fpT7-IEAD-6rB-H6. 



Table 1: Oligonucleotide primers 



Primer 


Nucleotfde sequence 


SEQ ID 
NO. 


H6 C-term 1w 


5'-CATGQACGGAAGCTTGMTTCACATCACCATCACCATCACTA 
ACGC-3' 


1 


H6 C4erm rev 


6'-AATTGCGTTAGTGATGGTGATGGTGATGTGAATTCAAGCTTC 
GGCT-3' 


2 


GrBlw 


5'-CATGGGATCCATCGAGGGTAGGATCATCGGGGGACATG 
AG-3' 


3 


GrBrev EooRl 


S'-GCGTGAATTCAGOTACCGTTTCATGGI IIICH IATCC-3' 


4 


GrBrev EcoRI 


5'-^GCGAAGCTTAGTAGC6TTTCATGGTTTTC-3' 


6 


GrB GR-PD fw 


5'-TCCATCGAGCCGGATATCATCGGGGGACATGAG-3' 


8 


GrB GR-PD rev 


5'-CCCCGATGATATCCGGCTCGATGGATCCCATATG-3' 


9 


GrB GR-ADfw 


5-TCCATCGAGGCTGATATCATCGGGGGACATGAG-3' 


10 


GrB GR-AD rev 


5'-CCCCGATGATATCAGCCTCGATGGATCGCATATG-3' 


11 



27 



^ Example 2 

Expression and refolding of tlie liunian Granzyme B 

Recombinant human Granzyme B fusion protein GrB-H6 was produced by 
growing and expressing the vector pT7-GrB-H6 in E. coli BL21 cells in a 
medium scale (3x1 litre) as described by Studier FW et al. (1990). 
Exponentially growing cultures at 37*0 were at ODeoo = 0.8 infected with 
bacteriophage ?CE6 at a multiplicity of approximately 5. Cultures were grown 
at 37'C and 50 min after infection 0.1 g/L rifamplcin (dissolved as 0.1 g/mL in 
methanol) was added. After another three hours at 37''C the cells were 
harvested by centrifugatlon. The cells were lysed by osmotic shock and 
sonification and total cellular protein was extracted Into phenol (adjusted to pH 
8 with Trisma base). The protein was precipitated from the phenol phase by 
addition of 2.5 volumes of ethanol and centrifugatlon. The protein pellet was 
dissolved in a buffer containing 6 M guanidinium chloride, 50 mM Tris-HCI pH 
8, and 100 mM dllhlothreitol. Following gel-filtration on Sephadex™ G-25 Fine 
(Amensham Biosciences) Into 8 M Urea, 0.5 M NaCI. 50 mM Tris-HCI pH 8, 
and 5 mM 2-mercaptoethanol, the crude protein preparation was applied onto 
a Ni^-activated NTA-agarose column (N|2*-NTA-agarose. Quiagen). 

Upon application of the erode protein extract onto the NF*-NTA -agarose 
column, the fusion protein. GrB-1^6 was purified from the majority of E. coli and 
? phage prot^s by washing with one column volume of the loading buffer 
followed by one column volume of 8 M Urea. 0.5 M NaCI, 50 mM sodium 
phosphate pH 6.3 and 5 mM 2-mercaptoethanol. >4 column volume of 6 M 
guanidinium chloride, 50 mM Tris-HCI pH 8. and 5 mM 2-mercaploethanol and 
finally !4 column volume of 8 M Urea. 0.5 M NaCI, 50 mM Tris-Ha pH 8. and 3 
mM reduced glutathione. 

The GrB-H6 fusion protein was refolded on the Ni^-NTA -agarose column 
using tfie cyclic refolding procedure described by Thogersen et ai. 
(International Patent Application W09418227). The gradient manager profile is 
described in Table 2 with 0.5 M Naa. 50 mM Tris-HCI pH 8, 2 mM reduced 
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glutathione, and 0.2 mM oxidized glutatiiione as buffer A and 6 M urea. 0.5 
Nad. 50 mM Tris-HCI pH 8, and 3 mM reduced glutathione as buffer B. 

After completion of the cyclic refolding procedure, the GrB-H6 fusion protein 
vwas eiuted ftom the NI**-NTA-agarose column with a buffer containing 0.5 M 
NaCI. 50 mM Trfs-HCI pH 8. and 10 mM EDTA pH 8. 

After elutlon finom the Ni^^-NTA column the GrB-H6 protein was diluted with 1 
vol. of 60 mM Tris-HCI pH 8.0 before the pH was adjusted to 7 with HCI. The 
protein was then applied onto a SP Sepharose™ Fast Row (Amersham 
Biosciences) ton exchange column. The protein was eiuted over 10 column 
volumes with a linear gradient from 250 mM NaCI, 50 mM Tris-HCI pH 7.0 to 1 
M NaCI. 50 mM Tris-HCI pH 7.0. Samples from the ehitlon profile appear as a 
single distinct band in SDS-PAGE analysis and mlgiate vwith the anticipated 
molecular weight of 27.4 kDa for non^ctlvated monomeric 6r6-H6 (not 
shown). 
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Table 2: 

t ■ 




Step 


Time 
(min) 


Row 
(mUmlnl 


%A 


%B 


48 


713 


2 


30 


70 


49 


720 


2 


100 


0 


50 


765 


2 


100 


0 


51 


766 


2 


35 


65 


52 


772 


2 


35 


65 


53 


780 


2 


100 


0 


54 


825 


2 


100 


0. 


55 


826 


2 


40 


60 


56 


832 


2 


40 


60 


57 


840 


2 


100 


0 


58 


885 


2 


100 


0 


59 


886 


2 


45 


55 


60 


892 


2 


45 


55 


61 


900 


2 


100 


0 


62 


945 


2 


100 


0 


63 


946 


2 


50 


50 


64 


952 


2 


50 


50 


65" 


960 


2 


100 


0 


W 


1005 


2 


100 


0 


67 


1006 


2 


55 


45 


68 


1012 


2 


55 


45 


69 


1020 


2 


100 


0 


70 


1065 


2 


100 


0 


71 


1066 


2 


60 


40 


72 


1072 


2 


60 


40 


73 


1080 


2 


100 




74 


1125 


2 


100 


Q 


76 


1126 


2 


60 


40 


76 


1132 


2 


60 


40 


77 


1140 


2 


100 


Q 


78 


1185 


2 


100 


0 


79 


1186 


2 


60 


40 


80 


1192 


2 


60 


40 


81 


1200 


2 


100 


0 


82 


1245 


2 


100 


0 


83 


1246 


2 


65 


35 


W 


1252 


2 


65 


35 


85~" 


1260 


2 


100 


0 


BO"" 


1305 


2 


100 


0 


87 


1306 


2 


65 


35 


88 


1312 


2 


65 


35 


89 


1319 


2 


100 


0 


90 


1364 


2 


100 


0 


91 


1365 


2 


65 


35 


92 


1371 


2 


65 


35 


93 


1378 


2 


100 


0 


94 


1423 


2 


100 


0 
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' Examples 

AcWvation of the GrB-Ha fusion piotein using purified bovine Factor 
and colorimetric activity measurements using the substrate Ac-iEPD- 
pNA 

Activation of GrB-Hfi hy Factor Xa 

A sample of monomeric GrB416 containing the lEGR sequenco was taken 
directly fiom the eiuate from the SP Sepharose ion exchange described in 
Example 2. 1 mgofGrB-H6(inapp. 10 ml) was activated by the addition of 50 
|ig FXa (50 pj of 1 mgAnI) and incubated at RT for several days. The degree of 
cieavage/acth/ation by FXa was estimated by SDS PAGE (not shown). 

To remove the added FX, the activation mixture was loaded onto a SP 
Sepharose™ Fast Flow (Amersham Biosciences) ion exchange column 
washed in 250 mM NaCI. 50 mM Tris^HCI pH 7.0. The FX, did not bind to the 
column material, while the activated GrB-H6 was eluted with 750 mM NaCI. 
60 mM Tris-HCI pH 7.0. 

Coiorimetric activity measurementa 

To detemiine whether the added FXa had been properly removed, both the 
Granzyme B and the FXa activity was measured before and after removal of 
the added FXa using a colorimetric assay with the substrates S2222 (N- 

Benzoyi-L-isoleucyl-L^Iutamyl^lycy|.L-arginlne-p.nitroanlllne.Chromog^^^ 
Italy, cat no. S2222) and Ac-IEPD-pNA (N-acetyl-L-isoleucyi-L-glutamyi-L- 
prolyl-L-aspartyt-p-nltroanlllne. Calblochem. La Jolla. USA. cat. no. 368067). 
where the absorbance was measured at 405 nm for approximately 3 minut^. 
and the AODWmin was calculated. 

For the measurement of FXa activity the following was mixed: 
500 la buffer. 25 jil 3 mM S2222. and 5 pi enzyme. 
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^ For the measurement of Granzyme B activity the follovtring was mixed: 
500 fiJ buffer, 2 yd 100 mM Ao-IEPD-pNA. and 6 pJ enzyme. 

The buffer used was either 100 mM NaCI. 50 mM Tris-HCI pH 8.0 or 100 mM 
HEPES pH 7.4. An example using the 100 mM NaCI. 50 mM Tris-HCI pH 8.0 
buffer Is shown below In table 3, where the top fraction from the SP 
Sepharose eluate after FXa removal was used: 



Table 3: 



Before FXa removal 
(AODWmIn) 


After FXa removal 
(AOD405/min) 


GrB activity 


FXa acljvtty 


GrB activity 


FXa activity 


0.1401 


0.0139 


0.2213 


0.0001 



The activity of an incubation of GrB-H6 with FXa was followed for several days 
using the following oolorimetric assay: 500 pJ buffer (1 00 mM NaCI, 50 mM 
Tris-Ha pH 8.0). 4 pi 100 mM Ao-IEPD-pNA. and 5 pi GrB-H6. The mixture of 
100 nJ GrB-H6 (approximately 10 pg) with 1 jil FXa (1 mg/ml) was kept at 4°C 
during the incubation. The following data in table 4 was obtained. See also 
Figure 1. 



Table 4: 



Time 


Time (hours) 


AOD405^min 


0 hours 


0 


0.0073 


2 hours 


2 


0.0200 


5 hours 


6 


0.0250 


19 hours 


19 


0.0829 


2 days 


45 


0.1325 


5 days 


120 


0.1832 



The effect of different bufiers on the oolorimetric assay . 

The activity of the activated and purified GrB-H6 was measured In different 
buffers using the Ac-iEPD-pNA substrate: 500 pi buffer. 2 pi 100 mM Ac- 
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lEPD-pNA, and 5 \i] GrB-H6. The AODWmin was calculated from the first 
0-75 min unless othenwlse noted. (TN = 100 mM NaCI, 50 mM Tris-HCI). The 
results are listed in table 5 and 6, where the measurements in table 6 were 
made with the same GrB-H6 batch as table 5, but vwth another 100 mM Ac- 
lEPD-pNA batch: 



Table 5: 



Buffer 


Approximate amount 


Activity 






of GrB-H6 added (pg) 


(AOD^os/min) 


1 IN pn O.l 


1 


0.2213 


(1 mIn) 


TN pH 7.0 


1 


0.2794 




TN pH 7.4 


1 


0.2930 
0.2624 






0.5 


0.0835 
0.1082 






0.2 


0.0245 


(3 min) 


TN pH 7.4 + 0.1% TWEEN20 


0.5 


0.0887 






0.2 


0.0303 


(3 min) 


TNpH7.4 + 5mM Ca*^ 


0.5 


0.1401 




TN pH 7.4 + 5 mM Mg^ 


0.5 


0.1491 




100mMHEPESpH7.5 


0.5 


0.2350 




100 mM HEPES pH 7.5 + 5 mM CsF* 


0.5 


0.2425 
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Table 6: 



Buffer 


Approximate amount 


Activity 




of GrB-H6 added (^g) 


CAODjinc/min) 

\">**^4jj5f 1 1 III 


100 mM HEPES pH 7.2 


0.5 


0,1970 


100 mM HEPES pH 7.4 


0.5 


0.2328 


100 mM HEPES pH 7.4 + 50 mM KCI 


0.5 


0.2167 


100 mM HEPES pH 7.4 + 50 mM NaQ 


0.5 


0.1993 
0.1938 


100 mM Naa, 50 mM Tris-HCI pH 7.4] 


0.5 


0.1682 


50 mM NaCi. 25 mM Tris-HCI pH 7.4 


0.5 


0.1948 


100 mM KCI. 50 mM Tris-Ha pH 7A 


0.5 


0.1662 



It was found that 1 00 mM HEPES pH 7.4/7.5 was the best buffer for G1B-H6 
actiwty of the buffiers evaluated. 

Example 4 

Design and construction of expression vectors for fusions proteins 
containing an lEPD sequence cleavable by GrB-H6 

in order to prepare suitable fusion proteins as substrates for Granzyme B. the 
l=Xa recognition sequence in the FXa cleavable fusion proteins H6-FX- 
TripBUB, H6-FX-RAP and H6-FX-TN123 (encoded by pT7H6-FX-TripBUB. 
PT7H6-FX-RAP and pT7H6-FX-TN123, respectively) was changed from either 
lEGR or IQGRto lEPD. giving the constnicts H6-IEPD-TripUB (SEQ ID NO. 
27), H6-IEPD-i^P (SEQ ID NO. 28), and H6-IEPD-TN123 (SEQ ID NO. 29). 
in addifion. the lEPDiSP cleavage site In the H6-TrlpUB construct was 
changed to four otTter cleavage sites to give the following variante: H6-TripUB 
IQADJ^P (SEQ ID NO. 30), H6-TripUB IQADJ^G (SEQ ID NO. 31). H6- 
TripUB VGPDiSP (SEQ ID NO. 32) and H6-TripUB VGPDiFG (SEQ4D NO. 
33) where i indicates the cleavage site. In two of these four constructs Vne Pi' 
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and Pa'-sites of the fusion protein were also dianged, namely In H6-TripUB 
IQADxlSG and H6-TrlpUB VGPDiFG. 

Constmctlon of fusion protein expression vectors 

The expression vector pT7H6-IEPD-TripUB was constructed by using the 
QuikChange^ Site-Directed Mutagenesis Kit(STRATAGENE. Catalog 
4Q00518) according to the manufacturers' protocol the vector pT7H6-FX- 
TripBUB (WC^56906) as template and the ollgonucieotide primers: TripUB 
GrB fw (SEQ ID NO: 12) and TripUB GrB rev (SEQ ID NO: 13). 

The expression vector pT7H6-IEPD-RAP was constructed by site-directed 
mut^enesis as described above with the vector pT7H6-FX-RAP (Nyicjser et 
al., 1992) as template and the oligonucleotide primers: RAP GrB fw (SEQ ID 
NO: 14) and RAP GrB rev (SEQ ID NO: 15). 

The expression vector pT7H6-IEPD-TN123 ws» consfmcted by site-directed 
mutegenesis as described above with the vector pT7H6-FX-TN1 23 (Hottet et 
al., 1997) as template and the ollgonucleotkfe primers: TN GrB fw (SEQ ID 
NO: 16) and TN GrB rev (SEQ ID NO: 17). 

The expression vector pT7H&-TripUB IQADiSP was constructed by using 
site-dlrscted mutagenesis as described above with the wetitor pT7H6-FX- 
TripBUB (WO 9856906) aB template and the oligonucleotide primers: 
PC7TripUB GR-AD fw (SEQ ID NO: 18) and PC7TripUB GR-AD rev (SEQ ID 
NO: 19). 

The expres^n vector pT7H6-TripUB IQADJ^G was constructed by using 
site-directed mutagenesis as described above with the vector pT7H6-TjipUB 
IQAD4^P as template and the oligonucleotide primers: PC7TripUB P-G fw 
(SEQ ID NO: 20) and PG7TripUB P-G rev (SEQ ID NO: 21). 
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The expression' vector pT7H6-TripUB VGPDiSP was constmcted by using 
site-directed mutagenesis as described above wltli the vector pT7H6-IEPD- 
TripUB as template and the oligonucleotide primers: DNATrip lE-VG 1w(SEQ 
ID NO: 22) and DNATrip lE-VG rev (SEQ ID NO: 23). 

The expression vector pT7H6-TripUB VGPDiFG was constructed by using 
site-directed mutagenesis as described above with the vector pT7H6-TripUB 
VGPDiSP as template and the oligonucleotide primers: DNATrip SP-FG fw 
(SEQ ID NO: 24) and DNATrip SP-FG rev (SEQ ID NO: 25). 



Table 7: Oligonucleotide primers 



Primer 


Nucleotide sequence 


SEQ ID 
NO. 


TripUB GrBfw 


S'-6TGGAT0CATCGAGCCTGACTCTCCTGGTACCGAGCC-3' 


12 


TripUB GrB rev 


5'-GGTACCAGGAGAGTCAGGCTCGATGGATCCACTACCAC-3' 


13 


RAPGrBIW 


5'-CGGATCCATCGAGCCTGACTACTCGCGGGAGAAG-3' 


14 


RAP GrB rev 


5'*CCCGCGAGTAGTCAGGCTCGATGGATCCGTGATG-3' 


15 


TN GrB fw 


5'-GGATCCATCGAGCCTGACGGCGAGCCACCAACC-3' 


16 


TN GrB rev 


5*-GGCTCGCCGTCAGGCTCGATGGATCCGTGATGG-3* 


IT 


PCTTripUB GR-ADfw 


5'-GGATCCATCCAGGCAGACTGTCCTGGTACCGAG-3' 


18 


PGTTripUB GR-AD rev 


6'-GTACCAGGAGAGTCTGGCTGGATGGATCCACTA03' 


19 


PCTTripUB P-Glw 


5'-GGATCCATCCAGGCAGACTCTGGTGGTACCGAGCCAC-3* 


20 


PCTTripUB P-G rev 


5'-CTCGGTACCACCAGAGTCTGCCTGGATGGATCCACTAC-3* 


21 


DNATrip lE-VGfwf 


5'-GTA6TGGATCAGrCGGGCCTGACTCTCCT6GTAC-3' 


22 


DMATrip lE-VGrev 


5'-GAGAGTCAGGCCCGAGTGATCCAGTACCACTACC-3' 


23 


DNATrip SP-FG 1w 


5'-GGCCTGACTTTGGTGGTACCGAGCCACCAAC-3' 


24 


DNATrip SP-FG rev 


5'-GGCTCGGTACCACCAAAGTCAGGCCCGACTG-3' 


25 
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Examples 

Expression, purification and refolding effusion proteins containing the 
lEPD sequence cieavabie by GrB-H6 

Expression of the fusinr^ proteins HB-IEPD-TrioUB. H6-IEPD-RAP, ^fft-lPPn- 
TN123 an d the HB-Tri pl JB variants 

To prepare the above chimeric fusion proteins H6-IEPD-TripUB. H6-IEPD- 
I^P. H6-IEPD-TN123 and the H6-TripUB variants, the vectors pT7H6-IEPI3- 
TripUB. pT7H6-iEPD-RAP, pT7H6-IEPD-TN123, pT7H6-TripUB IQADiSP. 
pT7H6-TripUB IQADiSG. pT7H6-TripUB VGPDiSP and pT7H6-TripUB 
VGPDiFG (the last four tenned H6-TripUB variants) were grown In a medium 
scale (3 litre; 2xTY medium. 5 miVI MgS04 and 0.1 mg/ml amplcillln) in E. coll 
BL21 cells, as described by Studier FW et ai. (1990). Exponentially growing 
cultures at 37-C were at ODeoo = 0.8 infected with bacteriophage ^6 at a 
multiplicity of approximately 5. Cultures were grown at 37»C for another four 
hours and the cells han^ested by centrifugation. Ceils were re-suspended in 
100 ml of 760 mM NaCI, 100 mM Tris-HCi pH 8, and 1 mM EDTA pH 8. 
Phenol (150 ml adjusted to pH 8 with Trisma base) was added to each, and 
the mixtures were sonicated to extract total protein. After clarification by 
centrifugation (25 minutes at 10.000 g) erode protein fractions were 
precipitated from the phenol phases by addition of 2.5 volumes of 96 % 
ethanol and centrifugation. Protein pellets were dissolved In 75 ml 6 M 
guanWInium chloride. 50 mM Tris-HCI pH 8. and 100 mM dithiothreitol (DTT). 

Purification of HS-IEPD-Trint JB. H6.IEPD-RAP and He-TrioUB vari«»to 

Following gel-filtration on Sephadex™ G-25 Fine (Amereham Biosciences) 
Into 8 M Urea, 500 mM NaCI, 50 mM Tris-HCI pH 8, and 10 mM 2- 
mercaptoethanol. the erode protein preparations of the H6-IEPD-TripUB and 
H6-IEPD-FIAP fusion proteins were applied by batch adsorption onto Ni^* 
activated NTA-agarose (Ni^^-lyjTA-agarose, Quiagen) columns (usually 50-75 
mi column volume) for purification (Hochull E et al.. 1988). The column was 
washed with the following: 
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1 . 2 X column volume 8 M urea, 500 mM NaCI. 50 mM Tris-HCI pH 8. and 10 
mM 2-mercaptoethanol 

2. 1 X column volume 8 M urea, 500 mM NaCI, 50 mM sodium-phosphate pH 
6.3, and 10 mM 2-mercaptoethanoi 

3. 1 X column volume 6 M guanklinlum chloride, and 50 mM Tris-HCI pH 8, 
and 10 mM 2-mercaptoethanol 

4. 2 X column volume 500 mM NaCI, and 50 mM Tris-HCI pH 8 

The purified fusion proteins were then elated with 500 mM NaCI, 50 mM Tris- 
HCI pH 8. and 10 mM EDTA. 

Purification and rBfoldl no of H6-IEPD-TN123 fuaion orotains 

Following gel-fittration on Sephadex™ G-25 Rne (Amereham Biosciences) 
into 8 M Urea, 500 mM NaCI, 50 mM Tris-HCI pH 8. and 10 mM 2- 
mercaptoethanol, the crude protein preparations of the H6-IEPD-TN123 
fusion proteins were applied by tratch acteorption to Ni^* activated NTA- 
agarose (Ni^*-NTA-agarose, Quiagen) columns (usually 50-75 ml column 
volume) for purification and In vitro refolding. The ccdumn was washed with 
the following: 

1 . 2 X column volume 8 M urea, 500 mM NaCi, 50 mM Tris-HCI pH 8, and 10 
mM 2-meicaptoethanol 

2. 1 x column volume 8 M urea, 500 mM NaCI, 50 mM sodium-phosphate pH 
6.3, and 10 mM 2-mercaptoefhanol 

3. 1 X column volume 6 M guanidinium chloride, 50 mM Tris-HCI pH 8, and 
1 0 mM 2-mercaptoethanol 

Each fusion protein was ttien subjected to the iterative refolding procedure as 
described for plasminogen kringte 4 by Thogersen et al. (international Patent 
Application WO 9418227). After completion of the refolding procedure each 
refolded fusion protein was then eluted from the Ni^*-NTA-agarose in 500 mM 
NaCI, 50 mM Tris-HCI pH 8. 10 mM EDTA. 

FracHons of each refolded fusion protein was gel filtrated into 50 mM Naa, 25 
mM sodium acetate pH 6.0. and 1 mM CaCIa, and was further purified by ion 
exchange chromatography on SP Sepharose™ Fast Flow (Amersham 
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Biosciences, 1 .6 (i.d.) by 20 centimetre column) using a salt gradient from 50 
mM NaCI, 25 mM sodium acetate pH 5.0 and 1 mM CaCte to 1 M NaCI. 25 
mM sodium acetate pH 5.0. 1 mM CaCb. 

The final purification of eacii conectly folded fusion protein product was then 
accomplished by gel-filtration Into 25 mM NaCI, 10 mM Tiis-HCI pH 8, and 1 
mM CaCblbllowed by Ion exdiange chromatography on Q Sepharose™ Fast 
Flow (Ameisham Biosciences, 1.6 (l.d.) by 20 centimetre column) using a salt 
gradient from 25 mM Naa. 10 mM Tris-HCI pH 8, and 1 mM CaCb to 500 mM 
NaCI, 10 mM Tris-HCI pH 8, and 1 mM CaCfe. 

Example 6 

Cleavage of prepared fusion proteins by Gri3-H6 
Cleavaoe of HS-IEPD-TrioUB bv GrB-H6 

The fusion protein H6-IEPD-TripUB (Example 5) eluted from the N1**-NTA- 
agarose column was gel filtrated into 1 00 mM HEPES pH 7.5 and 200 |il 
samples of the top-fraction was incubated at room temperature with etther 0, 1 
orlO |xl of activated GrB-H6 (appro^dmateiy 0, 0.2 and 2 ]xq GrB-H6). 

Samples for SDS PAGE were taken after 12. 19. and 24 hours of Incubation, 
and gels are shown In Rgures 2 and 3. 

Only the connecUy cleaved produ<^ appear in lanes C-D in figure 2 and lanes 
C-G In figure 3, and flie longer the incubation time, the more cleavage product 
appears in the lanes, both for the addition of 1 and 10 mJ GrB-H6. The simple 
band pattern obseived is explained in figure 4. From this It is dear that GrB- 
H6 cleaved H6-IEPD-TripUB spedflcally at a single site. Cleavage at the 
correct site after the lEPD sequence Is confinned In lane E In figure 2. where 
the constnict H6-FX-TripUB. containing the FXa recognition site IQGR In place 
of the Grfi recognltfon site lEPD, was cleaved by FXa giving a product of the 
same size as the GrB-H6 cleaved H6-IEPD-TripUB. 
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The effect of temperature and addition nf Mi^^ «nH nta nn tiu. o| oo.«.^» 
H6-IEPD-T HDUB hv QrR-Hft 

With the H6-IEPD-TripUB fusion protein the following nine incubations were 
set up using 200 jU H6.|EPD-TripUB and 5 mI GrB-H6 (approximately 1 
GrB-H6) for each incut>ation. 



Tables: 



1 


No addition 




2 


4.2 mM NI*" 


23'C 


3 


4.2 mM Ni^ + 5mMNTA 




4 


No addition 




5 


4.2 mM NP* 


37X 


6 


4.2 mM NI^ + 5mMNTA 




7 


No addition 




8 


4^ mM Nl^* 


42»C 


9 


4.2 mM NP* + 5mMNTA 





Samples for SDS PAGE were taken after 2. 7 and 22 hours of Incubation. 
Figures 5. 6 and 7. 



It was contemplated that the Nl^* ions would bind the N-temiinal hexa-Hls taU 
(H6) of the fusion protein and facilitate access to the cleavage site recognized 
by GrB-H6. In addition the Ni^* ions would also bind the C-temiinal hexa-His 
tail of the GrB-H6 construct. The addition of NTA was made to shield the Ni^* 
ions in solution in a similar fashion as on the NP*-NTA agarose beads. I.e. to 
simulate the conditions on the Ni^^-NTA agarose column. 

Rgure 5 shows the incubations at 23°C. figure 6 at 3700 and figure 7 at 42-C. 
When no Ni^* or f^A was added, the H6.|EPD-TripUB fusion protein was 
cleaved similar to what is seen in figures 2 and 3. though after 22 houra it. 
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seems that incubation at ZT>C is the most optimal of the three temperatures 
tested. 



With the addition of 4.2 mM NP* some protein precipitated at the higher 
temperatures of 37-C and 42'C. but no precipitation was seen at 23X. 
Because of this no further cleavage of the fusion protein Is seen in the gel 
after 2 hours incubation at these two temperatures, where it seems that both 
some H6-IEP&.TripUB and GrB416 precipitated. At 23X more fusion protein 
was cleaved after 22 hours than with no addition of NP. 

The observed precipitation problem was eliminated by the addition of 5 ml\4 
NTA to the incubations. After 22 houre incubation at 23»C more fusion protein 
had been cleaved than with no Ni^ or NTA addition, so the addition of Ni^* 
and IMTA seems to speed up the cleavage reaction. By further increasing the 
temperature to 37«c and 42-C an even greater Increase In the rate of 
cleavage is seen. After 22 hours of incubaUon at 37»C almost all the fusion 
protein was cleaved to the correct product A ntUe less was cleaved at 42-C 
after 22 hours. 



Comparfng the rate of cleavage Initlatiy estimated in the experiments shown m 
figures 2 and 3. to the rate of cleavage observed here, it Is clear that the 
addition of N|2* and NTA as well as the incubation at 37-0 speeds up the 
specific cleavage of H6-IEPD-TripUB by GrB-H6 dramatically. 



Cleavage o f H6-iEPD-RAP bv GrR-Hft 

The fusion protein H6-IEPD.RAP (Example 5) eluted liom the Ni«^4JTA- 
agarose column was gel filtrated Into 100 mM HEPES pH 7.4 and 200 id 
samples of the top^raclion was Incubated at room temperature with either 0. 1 
or 10 ^d of activated GrB-H6 (approximately 0. 0.2 and 2 pg GrB-H6). 
Samples for SDS PAGE were taken after 5. 23 and 26 hours of Incubation, 
see Rgure 8. 
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After only 5 hours Incubation with either 1 or 10 pi GrB-H6 as described above 
all the H6-iEPD-RAP was cleaved to give the final product It is also clear that 
there is at least one internal cleavage site In RAP, but this internal site was 
cleaved much slower than the lEPD sequence, though. That GrB-HO cleaved 
off the H6 correctly at the lEPD sequence can be seen by comparing the size 
of the product with purified samples of H6-FX-RAP cleaved partly (lane H) or 
completely {lane I) by FXa to give the final RAP product. In these lanes the 
degradation products fitmi any internal cleavage by FX, had been removed 
by purificatbn. 



Comparison of H6-GrB-RAP deavaae bv G rB-H6 and H6-FX-RAP nteavag ^ 
bvFXa 

The cleavage of H6-GrB-RAP by GrB-H6 was compared with the cleavage of 
H6-FX-RAP by FX,. Both H6-GrB-RAP and H6-FX-RAP were in 100 mM 
HEPES pH 7.4 and the following incubations were set up at room 
temperature: 

1. 400 Ml H6-FX-RAP + 1 jj FXa (1 mg/ml) 

2. 400 vi H6-GrB-RAP + 2 ^i GrB-H6 (app. 0.2 ng) 

Samples were talcen for SDS PAGE after 0, %, 1 . 3. 5, 7 and 27 houre of 
incubation, see Rgure 9. 

It is dear that both fusion proteins were deaved very rapidly by their 
respective protease, so that after only % hour almost all of the fusion protein 
had been cleaved to give the conwt product for both incubations. 

For the H6-FX-RAP + FXa incubation, though, all of the fusion protein had 
been degraded to give a variety of smaller pieces after 27 hours, and there is 
no correctly deaved product left. 

In the He-IEPD-RAP + GrB-H6 incubation degradation products show up as 
for the H6-FX-RAP Incubation, but not as many as for the H6-FX-RAP 
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incubation. There seems to be only one GrB-sensifive site in RAP, while there 
are several FXa sensitive sites. This slows down the degradation of H6-GrB- 
RAP by GrB-H6, whereby quite a lot of corredly cleaved product Is still 
present after 27 hours of incubation. 

In summary the correct cleavage of the RAP fusion protein by GrB-H6 Is just 
as fast as by FXa, but the degradation of the RAP fusion protein by GrB-H6 is 
much slower than the degradation by FXa. 

Cleavage of H6-IEPD-TN123 bv GrB-HB 

The fusion protein H6-IEPD-TN123 (Example 5) eluted from the Q Septiarose 
was after final purification gel filtrated Into 100 mM HEPES pH 7.5. and 200 [il 
samples of the top-fraction was incubated at room temperature vydth either 0. 1 
or 10 fjJ of activated GrB-H6 (approximately 0, 0.2 and 2 iig GrB-H6) both with 
and without 5 mM CaCb present. Samples for SDS PAGE from the 
incubations wittiout CaCIa were taken after 12, 19 and 24 hours as well as 5 
days of incubation. See Figures 2, 3 and 10. Samples for SDS PAGE from tiie 
Incubations both wRh and witiiout CaCIa were taken after approximately 20 
and 48 hours of incubation, see figure 11. 

Without Cki^: 

The samples showed a distinct band pattern when H6-IEPD-TN123 was 
cleaved by GrB-H6 v«th no Ca^ present, as seen In figures 2, 3 and 10. The 
H6-IEPD-TN123 was cleaved correctly at the lEPD sequence, but also just as 
rapidly at an intemal site of the sequence AQPD. The band pattern is 
explained In figure 12. That H6-IEPD-TN123 was cleaved at the correct 
lEPDi site can be seen from lane J in figure 2, where murine H6-FX-TN123 
had been cleaved by FXa giving a product of the same size as the product 
from GrB-H6 cleavage of H6-IEPD-TN123 witti no intemal cleavage, I.e. tiie 
lowest band of the four bands in the pattern. 
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When the samples were reduced as In lanes B-D and L-N In figure 10 a 
different band pattern appears. This pattern is also explained in Figure 12 and 
supports the notion of the specific internal cleavage site AQPD. 

WUhCst^: 

Figure 1 1 shows Incubations of H6-IEPI>TN123 with GrB-H6. where 5 mM 
CaCfe were added to some of the incubations. Here only two bands appear 
when Ca^ is present (lanes E and G). while four bands appear when no Ca^ 
Is present, as described for Figures 2, 3. 10 and 12. This shows that by 
adding Ca^* to the incubation the Internal cleavage site AQPD in Tetranedin 
(TN123) can be made inaccessible to GrB4{6. This is because the AQPD 
sequence is located in a loop, where the Q and D residues participates in the 
binding of Ca^^-ions in TetranecHn. Thereby only the correct cleavage at the 
specific lEPD site In the fusion protein occure. and the internal cleavage site 
in TNI 23 is "turned oT by the addition of Ca^. 

CleavaQe of the H6-THpUB variants 

Each of the fusion proteins eiuted from the Ni^-NTA-agarose column were gel 
filtrated Into 100 mM HEPES pH 7.4 and fractions of approximately the same 
concentration of the five dlfforent H6-Ti1pUB variants were used. The five 
variants were H6-IEPI>-TripUB. H6-TripUB IQADJSP. HO-TrlpUB IQADJ«G. 
H6-TripUB VGPD4«P and H6-TripUB VGPDiFG. Of each liisfon protein 200 
Hi was incubated at room temperahjre with 5 nl of activated GrB-IH6 
(approximately 1 |ig GrB-HO). Samples for SDS PAGE were talcen after 2, 6. 
24 and 48 hours of incubation and gels are shown In Rgures 13 and 14. 

in Figure 13 are shown the samples of H6-IEPD-TiipUB. H6-TripUB 
IQADiSP and H6-TripUB IQADiSG. After 48 hours Incubation approximately 
2IZ of the original amount of non-cleaved H6-IEPD-TripUB had been conectiy 
cleaved, in comparison the cleavage of the sequence IQADiSP. though, was 
much slower than cleavage of the lEPDiSP sequence in H6-IEPD-TripUB. 
No product IS visible after 2 hours incubation and only a small amount had 
been cleaved after 48 hours incubation. From the H6-TripUB IQADJ^G 
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. samples it is evident tliat the cleavage was mucin fester than for both H6- 
lEPD-TripUB and H6-TripUB IQADiSP. Already after 2 liours incubation the 
majority of the fusion protein had been cleaved to give the connect product. 
The single mutation of Pro (P) to Gly (6) in the P'z site in the recognition 
sequence was enough for this dramatic change in the cleavage rate. 

In figure 14 are shown the samples from the H6-TripUB VGPD4^P and H6- 
. TripUB VGPD4FG incubattons. The cleavage of the VGPDiSP sequence wa 
almost asfest as for H6-IEPD-TripUB in figure 13. A small amount of product 
had fomied after 2 hours and approximately half the amount of fusion protein 
had been deaved after 48 hours. A dramatic change in reaction rate occured 
when the P'l and P'z sites were changed finom SP to FG in H6-TrjpUB 
VGPD45P. After only 2 hours Incubation all the fusion protein had been 
correctly deaved. 



Comparing this to the results from the H6-IEPD-RAP incubations, in which the 
P'l site is a Tyr, it seems that the cleavage by GrB-H6 is much faster when 
the P'l site is a large aromatic residue and/or the P'z site is a Gly. In addition 
to these obsen/afions it is also important to note that even after 48 houre 
Incubation with GrB-H6 no internal cleavage took place In any of the H6- 
TripUB variants, showing that GrB-H6 deaves very specifically at the 
engineered recognttion sites, even though the TripUB sequence contains 7 
other Asp (b) residues. 

Self-activ ating human Granzvme B 

Recombinant self-adh/ating human Gran2yme B derivatives IEPD-GrB-H6 
and IEACM3rB-H6 were produced as described for GrB-H6 in Example 3 by 
using the expression vectors desofbed in Example 2. 

The lEAD-Grfi-He and IEPD-GrB-H6 proteins eluted fiom the SP Sepharose 
columns were stored at 4»C for 2 days before the activity of the respective 
topfractlons were detemnined by using a colorimetric assay. For this purpose 
the following was mixed: 500 pJ buffer (100 mM HEPES pH 7.5), 2 |U 100 mM 
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. Ao-IEPD-pNA, and 5 nl protein soluaon. The change in absorption was then 
determined at 405 nm during 3 min. The activity was further detennined after 
additional incubation for 1 and 2 days at 4«C. The foliowing data shown in 
Table 9 was obtained. 



Table 9: 



Pfxitein 




AODWmln 


IEAD-GrB-H6 


2 days 


0.1372 


IEPD-GrB4^6 


2 days 


0.1284 


lEAD-GrB-HS 


3 days 


0.1607 


IEPD-GrB-H8 


3 days 


0.1375 


lEAD-GrB-H6 


4 days 


0.1983 


iEPD=GrB=H6 ~ 


4da^ 


0.1351 



This nraans that the self-acQvating derivatives lEPD-GrB-HG and lEAD-GrB- 
H6 were activated without addition of any previously activated GrB and the 
activation was not finished until after a least three or four days at 4''C. 
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Claims 

1 . A method for the preparation of a polypeptide of interest in authentic form, 
said method comprising the steps ot 

(i) providing a fusion protein comprising a polypeptide of interest and a fusion 
partner wherein the Junction region between said polypeptide of interest and 
said fusion partner comprises a Granzyme B protease recognition site which 
comprises a Granzyme B protease deavage site adjacent to the protein of 
Interest, and 

(ii) contacting said fusion protein with Gran^me B protease (EC 3 A21 .79) to 
cleave it at said cleavage site to yield said polypeptide of interest in authentic 
form. 

2. A method according to claim 1. wherein the Granzyme B protease 
recognition site has an amino acid sequence of the general formula: 

P4P3P2P14. 
wherein 

P4 is amino acid i or V 

P3 is amino acid E, Q or M 

P2 is X, where X denotes any amino acid, 

PI is amino acid D, and 

4^ Is the cleavage site for said Granzyme B protease. 

3. A method according to claim 1 , wherein the Granzyme B protease 
recognition site has an amino acid sequence sele<4ed from the group 
consisting of ICPDi, lEADi, lEPDi, lETDi. IQADi, ISADi, ISSDi. ITPDi. 
VAPDi, VATDi, VCTDi, VDPDJ., VDSDJ., VEKDi, VEQD4^, VGPDi, 
VRPDi. VTPDA, LEED4, LEIDi, LGNDi, LGPDi. AQPDi, DEVDi. and 
wherein I Is the cleavage site for said GFanzyme B protease. 
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. 4. A method according to claim 2, wherein the general fomnula furthermore 
comprises the amino acids P1' and PZ resulting in the general fonmula 
P4 P3 P2 P14.P1'P2', wherein P1' is X where X denotes any amino acid, P2' 
is G. and wherein PI' and P2' is a part of the protein of interest. 

5. A method according to claim 2, wherein the general formula furthermore 
comprises the amino adds PI', P2', P3' and P4' resulting in the generei 
formula P4 P3 P2 P1iP1'P2'P3'P4', wherein P4' is D or E, and wherein PI", 
P2', P3' and P4' is a part of the protein of interest 

6. A method according to claim 1, wherein the protein of interest is selected 
from the group consisting of an en^me and a polypeptide hormone. 

7. Ametixjd accordbig to (teim 6, wherein the polypeptide iiormone is 
selected from the group consisting of somatotrophln. glucagon, insulin and 
inteferon. 

8. A method according to daim 6, wherein the enzyme is Granzyme B. 

9. A method according to daim 1. wherein the fusion partner Is an afUnity-teg. 

10. A method according to claim 9, wherein the afflnity-tag is selected from 
the group consisting of a polyhistidine4ag. a polyarg^nine-tag. a FLAG-tag. a 
Strep-tag, a o^myo-tag, a S-tag. a calmodulin-binding peptide, a cellulose- 
binding peptide, a chitin-binding domain, a glutatfiione S-transferase^ag. and 
a maltose binding protein. 

1 1 . A method acconJIr^ to claim 1 , wherein the Granzyme B protease is 
selected fifom the group consisting of human Granzyme B protease, mouse 
Gran^me B protease and rat Granzyme B protease. 

12. A method according to claim 1 , wherein the Granzyme B protease is in an 
immobilised fbnn. 
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13. A method according to claim 12, wherein the Granzyme B protease is 
Immobilised ^a the C-temninus. 

14. A method according to claim 12. wherein the Granzyme B protease is 
Immobilised via a lysine amino acid residue. 

15. A method according to claim 10, wherein the tag is a polyhlsUdlne-tag, 
and wherein the fusion protein Is contorted with Granzyme B protease In the 
presence of Nl*" ions and Nitrilolriacetic Acid (NTA). 

16. A method according to dalm 15, wherein the concentration of Nl** is in the 
range of 1-20 mM. and the ooncentratfon of NTA is in the range of 1-20 mM. 

17. A fusion protein comprising a polypeptide of interest and a fusion partner, 
wherein the junctfon region between said polypeptide of interest and said 
fusion partner comprises a Granzyme B protease recognition site, which 
comprises a Granzyme B protease cleavage site adjacent to the protein of 
interest 

18. A fusion protein according to claim 17, wherein the Granzyme B protease 
recognition site has an amino add sequence of the general formula: 

P4 P3 P2 Pli 
wherein 

P4 is amino acid I or V 

P3 is amino acid E, Q or M 

P2 is X, where X denotes any amino add, 

P1 is amino acid D. and 

i is the cleavage site for said Granzyme B protease. 

19. A fusion protein according to claim 17, wherein the Granzyme B protease 
recognition site has an amino acid sequence selected from the group 
consisting of ICPDJ,, IEAD4, lEPDi, lETDi, IQADi. \SADl. ISSDi. ITPDi. 
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, VAPDi, VATDi, VCTD4., VDPDJ.. VDSDi. VEKDi, VEQDi. VGPDi. 
VRPDi, VTPDi, LEEDi, LEID4.. LGNDi. L6PD>1. AQPDJ.. DEVDi. and 
wherein is the cleavage site for said Gran2yme B protease. 

20. A fusion protein according to ciaim 18, wherein the generai formula 
furthennore comprises the amino acids P1* and P2' resulting in the general 
fonmula P4 P3 P2 PUP1'P2'. wherein Pr is X where X denotes any amino 
add, P2' is G. and wherein PV and P2* is a part of the poiypeptide of interest 

21. A fusion protein according to ciaim 18, wherein the general fomiula 
furthennore comprises the amino acids PI', P2', P3' and P4' resulting in the 
general fonnula P4 P3 P2 Pl4P1'P2'P3'P4'. wherein P4' is D or E, and 
wherein PI', P2', PS' and P4' is a part of the protein of interest. 

22. A fusion protein according to dalm 17, wherein the polypeptide of interest 
Is selected from the group coning of an en:^me and a polypeptide 
honmone. 

23. A fusion protein according to daim 22, wherein the polypeptide hormone 
is selected from the group consisting of somatotrophin. glucagon, insulin and 
Intefenm. 

24. A fusion protein according to claim 22, wherein the en^me is Granzyme 
B. 

26. A fusion protein according to daim 17; wherein ttie fusion partn^ is an 
affinify^tag. 

26. A fusion protein according to daim 25, wherein the affinity-tag Is selected 
from the group consisting of a polyhistidine-tag, a polyarginine-tag, a FU\G- 
tag, a Strep-tag, a o-myo-tag, a S4ag, a calmodulln-binding peptide, a 
cellulose-binding peptide, a chitin-tMndIng domain, a glutathione S- 
transferase-tag, and a maltose binding protein. 
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27. An isolated nucleic acid sequence encoding the fusion protein accoitling 
to any of claims 1 8-26. 

28. A recombinant vector comprising Uie isolated nucleic add sequence 
according to claim 27. 

29. A iiost cell transformed witti a y/etitor according to claim 28. 

30. A metliod forttie production of a fusion protein accoidlng to claim 17 
comprising the steps of. 

(i) providing a recombinant vector comprising the isolated nucleic add 

sequence according to claim 27 operative linked to a promotor. 

(li) transforming a host cell with said r^mbinant vector, 

(ill) culturing said host cell under conditions to express said fusion protein, and 

(iv) optionally isolating said fusion protein. 
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* Abstract 

There Is provided a method for the preparation of a polypeptide of Interest In 
authentic form by enzymatic cleavage effusion proteins using Granzyme B 
. protease (EC 3.4.21 .79). There is also provided fusion proteins comprising a 
polypeptide of interest and a fusion partner, wherein the junction region 
between the polypeptide of interest and the fusion partner comprises a 
Granzyme B protease cleavage site adjacent to the protein of interest. 
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Figure 12 continued 
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Sequence listing.txt 
SEQUENCE LISTING 

Borean Pharma A/S . 

Cleavage of fusion proteins using Granzyme B protease- 
3106 
<160> 33 

<170> Patentin version 3.1 

<210> 1 

<211> 46 

<212> DNA 

<213> Artificial 

<220> 

<223> H6 C-term fw 
<400> 1 

catggacgga agcttgaatt cacatcacca. tcaccatcac taacgc 



<210> 2 

<211> 46 

<212> DNA 

<213> Artificial 

<220> 

<223> H6 C-term rev 

<400> 2 

aattgcgtta gtgatggtga tggtgatgtg aattcaagct tccgct 



<210> 3 

<211> 40 

<212> DNA 

<213> Artificial 

<220> 

<223> GrBfw primer 
<400> 3 

catgggatcc atcgagggta ggatcatcgg gggacatgag 

Page 1 



I 



Sequence listing.txt 

40 



<210> 4 

<211> 38 

<212> DNA 

<213> Artificial 

<220> 

<223> GrBrev EcoRI primer 

<400> 4 

gcgtgaattc aggtaccgtt tcatggtttt ctttatcc 
38 

<210> 5 

<211> 715 

<212> DNA 

<213> Artificial 

<220> 

<223> GrB EcoRI fragment 
<400> 5 

catgggatcc atcgagggta ggatcatcgg gggacatgag gccaagcccc actcccgccc 
ctacatggct tatcttatga tctgggatca gaagtctctg aagaggtgcg gtggcttcct 

JL A w 

gatacaagac gacttcgtgc tgacagctgc tcactgttgg ggaagctcca taaatgtcac 

Xo 0 

cttgggggcc cacaatatca aagaacagga gccgacccag cagtttatcc ctgtgaaaag 
240 

acccatcccc catccagcct ataatcctaa gaacttctcc aacgacatca tgctactgca 

gctggagaga aaggccaagc ggaccagagc tgtgcagccc ctcaggctac ctagcaacaa 

3 60 

ggcccaggtg aagccagggc agacatgcag tgtggccggc tgggggcaga cggcccccct 

4 A u 

gggaaaacac tcacacacac tacaagaggt gaagatgaca gtgcaggaag atcgaaagtg 

Page 2 



Sequence listing.txt 
cgaatctgac ttacg==«t attacgacag taccattgag ttgtgcgtgg gggacccaga 

gattaaaaag acttocttta agggggactc tggaggccct cttgtgtgta acaaggtggc 

ccagggcatt gtctcctatg gacgaaacaa tggoatgcot ccacgagcct gcaccaaagt 

cteaagcttt gtacactgga taaagaaaac oatgaaacgg tacctgaatt oacgo 

<210> 6 

<211> 30 

<212> DNA 

<213> Artificial 

<220> 

<223> GrBrev Hindlll primer 
<400> 6 

ggcgaagctt agtagcgttt catggttttc 

<210> 7 

<211> 714 

<212> DNA 

<213> Artificial 

<220> 

<223> GrB Hindlll fragment 
<400> 7 

catgggatcc atcgagggta ggatcatcgg gggacatgag gccaagcccc actcccgccc 
ctacatggct tatcttatga tctgggatca gaagtctctg aagaggtgcg gtggcttcct 
gatacaagac gacttcgtgc tgacagctgc tcactgttgg ggaagctcca taaatgtcac 
cttgggggcc cacaatatca aagaacagga gccgacccag cagtttatcc ctgtgaaaag 

b 
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acccatcccc catccagcct ataatcctaa gaacttctcc aacgacatca tgctactgca 
300 

gctggagaga aaggccaagc ggaccagagc tgtgcagccc ctcaggctac ctagcaacaa 
360 

ggcccaggtg aagccagggc agacatgcag tgtggccggc tgggggcaga cggcccccct 
420 

gggaaaacac tcacacacac tacaagaggt gaagatgaca gtgcaggaag atcgaaagtg 
480 

cgaatctgac ttacgccatt attacgacag taccattgag ttgtgcgtgg gggacccaga 
540 

gattaaaaag acttccttta agggggactc tggaggccct cttgtgtgta acaaggtggc 
600 

ccagggcatt gtctcctatg gacgaaacaa tggcatgcct ccacgagcct gcaccaaagt 
660 

ctcaagcttt gtacactgga taaagaaaac catgaaacgc tactaagctt cgcc 
714 



<210> 8 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> GrB GR-PD fw 

<400> 8 

tccatcgagc cggatatcat cgggggacat gag 
33 



<210> 9 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> GrB GR-PD rev 
<400> 9 

ccccgatgat atccggctcg atggatccca tatg 
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<210> 10 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> GrB GR-AD fw 

<400> 10 

tccatcgagg ctgatatcat cgggggacat gag 



<210> 11 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> GrB GR-AD rev 

<400> 11 

ccccgatgat atcagcctcg atggatccca tatg 



<210> 12 

<211> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> TripUB GrB fw primer 

<400> 12 

gtggatccat cgagcctgac tctcctggta ccgagcc 



<210> 13 

<211> 38 

<212> DNA 

<213> Artificial 

<220> 
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<223> TrxpUB GrB rev primer 

<400> 13 

ggtaccagga gagtcaggct cgatggatcc actaccac 
38 



<210> 14 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> RAP GrB fw primer 

<400> 14 

cggatccatc gagcctgact actcgcggga gaag 
34 



<210> 15 

<211> 34 

<212> DNA 

<213> Artificial 



<220> 

<223> RAP GrB rev primer 
<400> 15 

cccgcgagta gtcaggctcg atggatccgt gatg 



<210> 16 

<211> 33 

<212> DNA 

<213> Artificial 



<220> 

<223> TN GrB fw primer 
<400> 16 

ggatccatcg agcctgacgg cgagccacca acc 



<210> 17 
<211> 33 
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1 



<212> DNA 

<213> Artificial . 

<220> 

<223> TN GrB rev primer 



Sequence listing.txt 



<400> 17 

ggctcgccgt caggctcgat ggatccgtga tgg 



<210> 18 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> PC7TripUB GR-AD fw 

<400> 18 

ggatccatcc aggcagactc tcctggtacc gag 



<210> 19 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> PCTTripUB GR-AD rev 

<400> 19 

gtaccaggag agtctgcctg gatggatcca ctac 
34 



<210> 20 

<211> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> PC7TripUB P^G fw 
<400> 20 

ggatccatcc aggcagactc tggtggtacc gagccac 
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<210> 21 

<211> 38 

<212> DNA 

<213> Artificial 

<220> 

<223> PCVTripUB P-G rev 
<400> 21 

ctcggtacca ccagagtctg cctggatgga tccactac 



<210> 22 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> DNATrip lE-VG fw 

<400> 22 

gtagtggatc agtggggcct gactctcctg gtac 
34 



<210> 23 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> DNATrip lE-VG rev 

<400> 23 

gagagtcagg cccgactgat ccactaccac tacc 
34 



<210> 24 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> DNATrip SP-PG fw 
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<400> 24 

ggcctgactt tggtggtacc gagccaccaa c 
31 



<210> 


25 


<211> 


31 


<212> 


DNA 


<213> 


Artificial 


<220> 




<223> 


DNATrip SP-FG rev 


<400> 


25 


ggctcggtac caccaaagtc aggcccgact 


31 




<210> 


26 


<211> 


243 


<212> 


PRT 


<213> 


Artificial 


<220> 




<223> 


GrB-H6 


<400> 


26 


Met Gly Ser He Glu Gly Arg He 


1 


5 



10 15 

His Ser Arg Pro Tyr Met Ala Tyr Leu Met He Trp Asp Gin Lys Ser 
20 25 30 



Leu Lys Arg Cys Gly Gly Phe Leu lie Gin Asp Asp Phe Val Leu Thr 
35 40 45 

Ala Ala His Cys Trp Gly Ser Ser He Asn Val Thr Leu Gly Ala His 
50 55 60 



Asn He Lys Glu Gin Glu Pro Thr Gin Gin Phe He Pro Val Lys Arg 
65 70 75 ■ 80 
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Pro lie Pro His Pro Ala Tyr Asn Pro Lys Asn Phe Ser Asn Asp He 

85 90 95 

Met Leu Leu Gin Leu Glu 2Vrg Lys Ala Lys Arg Thr Arg Ala Val Gin 
100 105 110 

Pro Leu Arg Leu Pro Ser Asn Lys Ala Gin Val Lys Pro Gly Qln Thr 
115 120 125 

Cys Ser Val Ala Gly Trp Gly Qln Thr Ala Pro Leu Gly Lys His Ser 
130 135 140 

His Thr Leu Gin Glu Val Lys Met Thr Val Gin Glu Asp Arg Lys Cvs 

150 155 lio 

Glu Ser Asp Leu Arg His Tyr Tyr Asp Ser Thr He Glu Leu Cys Val 

165 170 175 

Gly Asp Pro Glu He Lys Lys Thr Ser Phe Lys Gly Asp Ser Gly Gly 
180 185 190 

Pro Leu Val Cys Asn Lys Val Ala Gin Gly He Val Ser Tyr Gly Arg 
195 200 205 

Asn Asn Gly Met Pro Pro Arg Ala Cys Thr Lys Val Ser Ser Phe Val 
210 215 220 

His Trp He Lys Lys Thr Met Lys Arg Tyr Leu Asn Ser His His His 
225 230 235 240 

His His His 



<210> 27 
<211> 150 
<212> PRT 
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<213> Artificial 

<220> 

<223> H6-IEPD-TripXJB 
<400> 27 

Met Gly Ser His His His His His His Gly Ser Gly Ser Gly Ser lie 
1 5 10 15 

Glu Pro Asp Ser Pro Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys . 
20 25 30 

lie Val Asn Ala Lys Lys Asp Val Val Asn Thr Lys Met Phe Glu Glu 
35 40 45 

Leu Lys Ser Arg Leu Asp Thr Leu Ala Gin Glu Val Ala Leu Leu Lys 
50 55 60 

Glu Gin Gin Ala Leu Gin Thr Val Gly Ser Gin lie Phe Val Lys Thr 
65 70 75 80 

Leu Thr Gly Lys Thr lie Thr Leu Glu Val Glu Pro Ser Asp Thr lie 

85 90 95 

Glu. Asn Val Lys Ala Lys lie Gin Asp Lys Glu Giy lie Pro Pro Asp 
100 105 110 

Gin Gin Arg Leu lie Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Thr 
115 ' 120 125 

Leu Ser Asp Tyr Asn lie Gin Lys Glu Ser Thr Leu His Leu Val Leu 
130 135 140 

Arg Leu Arg Gly Gly Ser 
145 150 



<210> 28 
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<211> 338 
<212> PRT 
<213> Artificial 

<220> 

<223> H6-IEPD-RAP 
<400> 28 

Met Gly Ser His His His His His His Gly Ser lie Glu Pro Asp Tyr 
15 10 15 

Ser Arg Glu Lys Asn Gin Pro Lys Pro Ser Pro Lys Arg Glu Ser Gly 
20 25 30 

Glu Glu Phe Arg Met Glu Lys Leu Asn Gin Leu Trp Glu Lys Ala Gin 
35 40 45 

Arg Leu His Leu Pro Pro Val Arg Leu Ala Glu Leu His Ala Asp Leu 
50 55 60 

Lys lie Gin Glu Arg Asp Glu Leu Ala Trp Lys Lys Leu Lys Leu Asp 
65 70 75 80 

Gly Leu Asp Glu Asp Gly Glu Lys Glu Ala Arg Leu lie Arg Asn Leu 

85 90 95 

Asn Val lie Leu Ala Lys Tyr Gly Leu Asp Gly Lys Lys Asp Ala Arg 
100 105 110 

Gin Val Thr Ser Asn Ser Leu Ser Gly Thr Gin Glu Asp Gly Leu Asp 
115 120 125 

Asp Pro Arg Leu Glu Lys Leu Trp His Lys Ala Lys Thr Ser Gly Lys 
130 135 140 

Phe Ser Gly Glu Glu Leu Asp Lys Leu Trp Arg Glu Phe Leu His His 
145 150 155 160 
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Lys Glu Lys Val His Glu Tyr Asn Val Leu Leu Glu Thr Leu Ser Arg 

165 170 175 

Thr Glu Glu lie His Glu Asn Val He Ser Pro Ser Asp Leu Ser Asp 
180 185 . 190 

He Lys Gly Ser Val Leu His Ser Arg His Thr Glu Leu Lys Glu Lys 
195 200 205 

Leu Arg Ser He Asn Gin Gly Leu Asp Arg Leu Arg Arg Val Ser His 
210 215 220 

Gin Gly Tyr Ser Thr Glu Ala Glu Phe Glu Glu Pro Arg Val He Asp 
225 230 235 240 

Leu Trp Asp Leu Ala Gin Ser Ala Asn Leu Thr Asp Lys Glu Leu Glu 

245 250 255 

Ala Phe Arg Glu Glu Leu Lys His Phe Glu Ala Lys He Glu Lys His 
260 265 270 

Asn His Tyr Gin Lys Gin Leu Glu He Ala His Glu Lys Leu Arg His 
275 280 285 

Ala Glu Ser Val Gly Asp Gly Glu Arg Val Ser Arg Ser Arg Glu Lys 
290 295 300 

His Ala Leu Leu Glu Gly Arg Thr Lys Glu Leu Gly Tyr Thr Val Lys 
305 310 315 320 

Lys His Leu Gin Asp Leu Ser Gly Arg He Ser Arg Ala Arg His Asn 

325 330 335 

Glu Leu 
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<210> 29 

<211> 197 

<212> PRT 

<213> Artificial 

<220> 

<223> H6-IEPD-TN123 
<400> 29 

Met Gly Ser His His His His His His Gly Ser He Glu Pro Asp Gly 
^ 5 10 15 

Glu Pro Pro Thr Gin Lys Pro Lys Lys He Val Asn Ala Lys Lys Asp 
^° 25 30 

val val Asn Thr Lys Met Phe Glu Glu Leu Lys Ser Arg Leu Asp Thr 
35 40 45 

Leu Ala Gin Glu Val Ala Leu Leu Lys Glu Gin Gin Ala Leu Gin Thr 
^" 55 . 60 

val Cys Leu Lys Gly Thr Lys Val His Met Lys Cys Phe Leu Ala Phe 

75 80 

Thr Gin Thr Lys Thr Phe His Glu Ala Ser Glu Asp Cys He Ser Arg 

®5 90 95 

Gly Gly Thr Leu Ser Thx Pro Gin Thr Gly Ser Glu Asn Asp Ala Leu 

105 110 

Tyr Glu Tyr Leu Arg Gin Ser Val Gly Asn Glu Ala Glu He Trp Leu 
■^^ 120 125 

Gly Leu Asn Asp Met Ala Ala Glu Gly Thr Trp Val Asp Met Thr Gly 
"0 135 140 ' 

Ala Arg He Ala Tyr Lys Asn Trp Glu Thr Glu He Thr Ala. Gin Pro 
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145 150 155 160 

Asp Gly Gly Lys Thr Glu Asn Cys Ala Val Leu Ser Gly Ala Ala Asn 

165 170 175 

Gly Lys Trp Phe Asp Lys Arg Cys Arg Asp Gin Leu Pro Tyr lie Cys 
180 185 190 

Gin Phe Gly lie Val 
195 



<210> 30 

<211> 150 

<212> PRT 

<213> Artificial 

<220> 

<223> H6-TripUB IQADISP 
<400> 30 

Met Gly Ser His His His His His His Gly Ser Gly Ser Gly Ser lie 
15 10 15 

Gin Ala Asp Ser Pro Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys 
20 25 30 

lie Val Asn Ala Lys Lys Asp Val Val Asn Thr Lys Met Phe Glu Glu 
35 40 45 

Leu Lys Ser Arg Leu Asp Thr Leu Ala Gin Glu Val Ala Leu Leu Lys 
50 55 60 

Glu Gin Gin Ala Leu Gin Thr Val Gly Ser Gin lie Phe Val Lys Thr 
65 70 75 80 



Leu Thr Gly Lys Thr lie Thr Leu Glu Val Glu Pro Ser Asp Thr lie 

85 90 9'5 
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Glu Asn Val Lys Ala Lys lie Gin Asp Lys Glu Gly He Pro Pro Asp 
100 105 110 

Gin Gin Arg Leu He Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Thr 
115 120 125 

Leu Ser Asp Tyr Asn lie Gin Lys Glu Ser Thr Leu His Leu Val Leu 
130 135 140 

Arg Leu Arg Gly Gly Ser 
145 150 



<210> 31 

<211> 150 

<212> PRT 

<213> Artificial 

<220> 

<223> H6-TripUB IQADISG 
<400> 31 

Met Gly Ser His His His His His His Gly Ser Gly Ser Gly Ser He 
^5 10 15 

Gin Ala Asp Ser Gly Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys 
20 25 30 

He Val Asn Ala Lys Lys Asp Val Val Asn Thr Lys Met Phe Glu Glu 
35 40 45 

Leu Lys Ser Arg Leu Asp Thr Leu Ala Gin Glu Val Ala Leu Leu Lys 
50 55 60 

Glu Gin Gin Ala Leu Gin Thr Val Gly Ser Gin He Phe Val Lys Thr 

70 75 ' 80 



Thr Gly Lys Thr He Thr Leu Glu Val Glu Pro Ser Asp Thr He 
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Sequence listing.txt 
85 90 95 

Glu Asn Val Lys Ala Lys lie Gin Asp Lys Glu Gly He Pro Pro Asp 

105 110 

Gin Gin Arg, Leu He Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Thr 
115 120 125 

Leu Ser Asp Tyr Asn He Gin Lys Glu Ser Thr Leu His Leu Val Leu 
130 135 3^40 

Arg Leu Arg Gly Gly Ser 
145 ISO 

<210> 32 

<211> 150 

<212> PRT 

<213> Artificial 

<220> 

<223> H6-TripUB VGPDISP 
<400> 32 

Met Gly Ser His His His His His His Gly Ser Gly Ser Gly Ser Val 
l 5 10 15 

Gly Pro Asp Ser Pro Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys 
20 25 -30 

He Val Asn Ala Lys Lys Asp Val Val Asn Thr Lys Met Phe Glu Glu 
35 40 45 

Leu Lys Ser Arg Leu Asp Thr Leu Ala Gin Glu Val Ala Leu Leu Lys 
50 55 60 

Glu Gin Gin Ala Leu Gin Thr Val Gly Ser Gin He Phe Val Lys Thr 

70 ,75 ^ go 
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Leu Thr Gly Lys Thr lie Thr Leu Glu Val Glu Pro Ser Asp Thr lie 

85 90 95 

Glu Asn Val Lys Ala Lys He Gin Asp Lys Glu Gly He Pro Pro Asp 
100 105 • 110 

Gin Gin Arg Leu He Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Thr 
115 120 125 

Leu Ser Asp Tyr Asn He Gin Lys Glu Ser Thr Leu His Leu Val Leu 
130 135 140 

Arg Leu Arg Gly Gly Ser 
145 150 



<210> 33 

<211> 150 

<212> PRT 

<213> Artificial 

<220>- 

<223> H6-TripDB VGPDIFG 
<400> 33 

Met Gly Ser His His His- His His His Gly Ser Gly Ser Gly Ser Val 
15 10 2.5 

Gly Pro Asp Phe Gly Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys 
20 25 30 

He Val Asn Ala Lys Lys Asp Val Val Asn Thr Lys Met Phe Glu Glu 
35 40 45 

Leu Lys Ser Arg Leu Asp Thr Leu Ala Gin Glu Val Ala Leu Leu Lys 
50 55 60 



Gin Gin Ala Leu Gin Thr Val Gly Ser Gin He Phe Val Lys Thr 
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65 70 75 



Sequence listing.txt 

80 



Leu Thr Gly Lys Thr lie Thr Leu Glu Val Glu Pro Ser Asp Thr lie 

85 90 95 

Glu Asn Val Lys Ala Lys lie Gin Asp Lys Glu Gly He Pro Pro AstJ 
100 105 110 

Gin Gin Arg Leu He Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Thr 
115 120 125 

Leu Ser Asp Tyr Asn He Gin Lys Glu Ser Thr Leu His Leu Val Leu 
130 135 3^4Q 



Arg Leu Arg Gly Gly Ser 
145 150 
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SEQUENCE LISTING 

<I10> Borean Pharma A/s 

<120> cleavage of fusion proteins using Granzyme B protease 

<130> 3106 

<160> 33 

<170> Patentin version 3-1 

<210> 1 

<211> 46 

<212> DNA 

<213> Artificial 

<220> 

<223> H6 C-term f=w 

<400> 1 

catggacgga agcttgaatt cacatcacca tcaccatcac taacgc 

<210> 2 

<211> 46 

<212> DNA 

<213> Artificial 

<220> 

<223> H6 c-terra rev 

<400> 2 

aattgcgtta gtgatggtga tggtgatgtg aattcaagct tccgct 

<210> 3 

<211> 40 

<212> DNA 

<213> Artificial 

<220> 

<223> GrBfw primer 

<400> 3 

catgggatcc atcgagggta ggatcatcgg gggacatgag 

<210> 4 

<211> 38 

<212> DNA 

<213> Artificial 

<220> 

<223> Grerev ecori primer 

<400> 4 

gcgtgaattc aggtaccgtt tcatggtttt ctttatcc 

<210> 5 

<211> 715 

<212> mA 

<213> Artificial 

<220> 

<223> GrB EcoRI fragment 

<400> 5 

1 



catgggatcc 


atcgagggta 


ggatcatcgg 


gggacatgag 


gccaagcccc actcccgccc 


60 


ct^catggct 


tatcttatga 


tctgggatca 


gaagtctctg 


aagaggtgcg gtggcttcct 


120 


gatacaagac 


gacttcgtgc 


tgacagctgc 


tcactgttgg 


ggaagctcca taaatgtcac 


180 


cttgggggcc 


cacaatatca 


aagaacagga 


gccgacccag 


cagtttatcc ctgtgaaaag 


240 


acccatcccc 


catccagcct 


ataatcctaa 


gaacttctcc 


aacgacatca tgctactgca 


300 


gctggagaga 


aaggccaagc 


ggaccagagc 


tgtgcagccc 


ctcaggctac ctagcaacaa 


360 


ggcccaggtg 


aagccagggc 


agacatgcag 


tgtggccggc 


tgggggcaga cggcccccct 


420 


gggaaaacac 


tcacacacac 


tacaagaggt 


gaagatgaca 


gtgcaggaag atcgaaagtg 


480 


cgaatctgac 


ttacgccatt 


attacgacag 


taccattgag 


ttgtgcgtgg gggacccaga 


540 


gattaaaaag 


acttccttta 


agggggactc 


tggaggccct 


cttcitatata acaaaataac 


600 


ccagggcatt 


gtctcctatg 


gacgaaacaa 


tggcatgcct 


ccacgagcct gcaccaaagt 


660 


ctcaagcttt 


gtacactgga 


taaagaaaac 


catgaaacgg 


tacctgaatt cacgc 


715 


<210> 6 
<211> 30 
<212> DNA 
<213> Artificial 










<220> 

<223> GPBrev Hindlii 


primer 








<400> 6 

ggcgaagctt agtagcgttt 


catggttttc 






30 


<210> 7 
<211> 714 
<212> DNA 
<213> Artificial 










<220> 

<223> GrB 


Hindlix fragment 








<400> 7 
catgggatcc 


atcgagggta 


ggatcatcgg 


gggacatgag 


gccaagcccc actcccgccc 


60 


.ctacatggct 


tatcttatga 


tctgggatca 


gaagtctctg 


aagaggtgcg gtggcttcct 


120 


gatacaagac 


gacttcgtgc 


tgacagctgc 


tcactgttgg 


ggaagctcca taaatgtcac 


180 


cttgggggcc 


cacaatatca 


aagaacagga 


gccgacccag 


cagtttatcc ctgtgaaaag 


240 


acccatcccc 


catccagcct 


ataatcctaa 


gaacttctcc 


aacgacatca tgctactgca 


300 


gctggagaga 


aaggccaagc 


ggaccagagc 


tgtgcagccc 


ctcaggctac ctagcaacaa 


360 


ggcccaggtg 


aagccagggc 


agacatgcag 


tgtggccggc 


tgggggcaga cggcccccct 


420 


gggaaaacac 


tcacacacac 


tafiaagaggt 


gaagatgaca 


gtgcaggaag atcgaaagtg 


480 


cgaatctgac 


ttacgccatt 


attacgacag 


taccattgag 


ttgtgcgtgg gggacccaga 


540 


gattaaaaag 


acttccttta 


agggggactc 


tggaggccct 


cttgtgtgta acaaggtggc 

• 


600 


ccagggcatt 


gtctcctatg 


gacgaaacaa 


tggcatgcct 


ccacgagcct gcaccaauigi; 


660 


ctcaagcttt 


gtacactgga 


taaagaaaac 


catgaaacgc 
2 


tactaagctt cgcc 


714 



7 



<210> 8 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> GrB GR-PD fw 

<400> 8 

tccatcgagc cggatatcat cgggggacat gag 33 

<210> 9 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> GrB GR-PD rev 

<400> 9 

ccccgatgat atccggctcg atggatccca tatg 34 

<210> 10 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> Gra gr-ad fw 

<400> 10 

tccatcgagg ctgatatcat cgggggacat gag 33 

<210> 11 

<211> 34 

<212> DNA 

<213> Artificial 

<22Q> 

<223> GrB GR-AD rev 

<400> 11 

ccccgatgat atcagcctcg atggatccca tatg 34 

<210> 12 

<211> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> TrIpUB GrB fw primer 

<400> 12 

gtggatccat cgagcctgac tctcctggta ccgagcc 37 

<210> 13 

<211> 38 

<212> DNA 

<213> Artificial 

<220> 

<223> TripUB GrB rev primer 



a 



<400> 13 

ggtaccagga gagtcaggct cgatggatcc actaccac 38 

<210> 14 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> RAP GrB fw primer 

<400> 14 

cggatccatc gagcctgact actcgcggga gaag 34 

<210> 15 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> RAP GrB rev primer 

<400> 15 

cccgcgagta gtcaggctcg atggatccgt gatg 34 

<210> 16 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> TN GrB fw primer 

<400> 16 

ggatccatcg agcctgacgg cgagccacca acc 33 

<210> 17 

<211> 33 

<212> DMA 

<213> Artificial 

<220> 

<223> TN GrB rev primer 

<400> 17 

ggctcgccgt caggctcgat ggatccgtga tgg 33 

<210> 18 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> PCTTripUB GR-AD fw 

<400> 18 

ggatccatcc aggcagactc tcctggtacc gag 33 

<210> 19 

<211> 34 

<212> DNA 

<213> Artificial 



<220> 

<Z23> PC7TripUB GR-AD rev 
<400> 19 

gtaccaggag agtctgcctg gatggatcca ctac 



<21Q> 20 

<211> 37 

<212> DMA 

<213> Artificial 

<220> 

<223> PC7TripUB P-G fw 

<400> 20 

ggatccatcc aggcagactc tggtggtacc gagccac 

<210> 21 

<211> 38 

<212> DNA 

<213> Artificial 

<220> 

<223> PC7Tr1pUB P-G rev 

<400> 21 

ctcggtacca ccagagtctg cctggatgga tccactac 



<210> 22 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> DNATrip XE-VG fw 

<400> 22 

gtagtggatc agtcgggcct gactctcctg gtac 



<210> 23 

<211> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> DNATrip lE-VG rev 

<400> 23 

gagagtcagg cccgactgat ccactaccac tacc 



<210> 24 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> DNATrip SP-FG fw 

<400> 24 

ggcctgactt tggtggtacc gagccaccaa c 



<210> 25 



<211> 31 
<212> DNA 
<2i3> Artificial 



<220» 

<223> DNATrip SP-FG rev 

<400> 25 

ggctcgg-cac caccaaagtc aggcccgact g 31 

<21Q> 26 

<211> 243 

<212> PRT 

<213> Artificial 

<220> 

<223> GrB-H6 



<400> 26 
Met Gly Si 

1 5 ' " 10 ' II 



Met Gly Ser He Glu Gly Arg He He Gly Gly His Glu Ala Lys pro 



His Ser Arg Pro Tyr Met Ala Tyr Leu Met xle Trp Asp Gin Lys Ser 
20 25 30 



/ 



Leu Lys Arg Cys Gly Gly Phe Leu He Gin Asp Asp Phe Val Leu Thr 
35 40 45 

Ala Ala His cys Trp Gly ser ser He Asn val Thr Leu Gly Ala His 
50 55 60 

Asn He Lys Glu Gin Glu Pro Thr Gin Gin Phe xle Pro Val Lys Arg 
65 70 75 80 

Pro He Pro His Pro Ala lyr Asn Pro Lys Asn Phe ser Asn Asp lie 
85 90 95 

Met Leu Leu Gin Leu Glu Arg Lys Ala Lys Arg Thr Arg Ala val Gin 
100 105 HO 

Pro Leu Arg Leu Pro ser Asn Lys Ala Gin val Lys Pro Gly Gin Thr 
115 120 125 

Cys ser val Ala Gly Trp Gly Gin Thr Ala Pro Leu Gly Lys His ser 
130 135 140 

His Thr Leu Gin Glu val Lys Met Thr val Gin Glu Asp Arg Lys cys 
145 150 155 160 

Glu ser Asp Leu Arg His Tyr Tyr Asp ser Thr He Glu Leu Cys val 
165 . 170 175 

Gly Asp Pro Glu He Lys Lys Thr ser Phe Lys Gly Asp ser Gly Gly 
180 185 190 



Pro Leu val Cys Asn Lys Val Ala Gin Gly lie Val sen Tyr Gly Arg 
195 200 205 

Asn Asn Gly Met pro Pro Arg Ala Cys fhr Lys Val ser sen Phe val 
210 215 220 

His Trp He Lys Lys Thr Met Lys Arg Tyr Leu Asn Ser His His His 
225 230 235 240 

His His His 



<210> 27 

<211> 150 

<212> PRT 

<213> Artificial 

<220> 

<223> H5-IEPD-Tri pUB 
<400> 27 

Met Gly ser His His His His His His Gly ser Gly ser Gly Ser He 
1 5 10 IS 

Glu Pro Asp ser pro Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys 
20 25 30 

He Val Asn Ala Lys Lys Asp val Val Asn Thr Lys Met phe Glu Glu 
35 40 45 

Leu Lys ser Arg Leu Asp Thr Leu Ala Gin Glu val Ala Leu Leu Lys 
50 55 60 

Glu Gin Gin Ala Leu Gin Thr val Gly ser Gin He Phe val Lys Thr 
65 70 75 80 

Leu Thr Gly Lys Thr lie Thr Leu Glu val Glu Pro ser Asp Thr He 
85 90 95 

Glu Asn val Lys Ala Lys He Gin Asp Lys Glu Gly He Pro Pro Asp 
100 105 110 

Gin Gin Arg Leu lie Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Thr 
115 120 125 

Leu ser Asp Tyr Asn He Gin Lys Glu Ser Ttir Leu His Leu val Leu 
130 135 140 

Arg Leu Arg Gly Gly Ser 
145 ^ J J 

<210> 28 
<211> 338 
<212> PRT 



<213> Artificial 
<2iO> 

<223> H6-1EPD-RAP 
<400> 28 

Met Gly ser His His His His His His Gly ser He Glu Pro Asp Tyr 
IS 10 15 

Ser Arg Glu L^s Asn Gin Pro Lys pro ser Pro Lys Arg Glu ser Gly 

Glu Glu Phe Arg Met Glu Lys Leu Asn Gin Leu Trp Glu Lys Ala Gin 
35 40 45 

Arg Leu His Leu Pro Pro val Arg Leu Ala Glu Leu His Ala Asp Leu 
50 55 60 

Lys lie Gin Glu Arg Asp Glu Leu Ala Trp Lys Lys Leu Lys Leu Asp 
65 70 75 80 

Gly Leu Asp Glu Asp Gly Glu Lys Glu Ala Arg Leu He Arg Asn Leu 
85 90 95 

Asn val He Leu Ala Lys Tyr Gly Leu Asp Gly Lys Lys Asp Ala Arg 
100 105 110 

Gin val Thr ser Asn ser Leu ser Gly Thr Gin Glu Asp Gly Leu Asp 
115 120 125 

Asp Pro Arg Leu Glu Lys Leu Trp His Lys Ala Lys Thr ser Gly Lys 
130 135 140 

Phe ser Gly Glu Glu Leu Asp Lys Leu Trp Arg Glu Phe Leu His His 
145 150 155 160 

Lys Glu Lys val His Glu Tyr Asn val Leu Leu Glu Thr Leu ser Arg 
165 170 175 

Thr Glu Glu He His Glu Asn val He ser Pro ser Asp Leu ser Asp 
180 185 190 

He Lys Gly ser Val Leu His Ser Arg His Thr Glu Leu Lys Glu Lys 
195 200 205 

Leu Arg ser He Asn Gin Gl^ Leu Asp Arg Leu Arg Arg Val ser His 

Gin Gly Tyr ser Thr Glu Ala Glu Phe Glu Glu Pro Arg val He Asp 
225 230 235 240 

9 

Leu Trp Asp Leu Ala Gin ser Ala Asn Leu Thr Asp Lys Glu Leu Glu 
24S 250 255 . 

8 



Ala Phe Arg Glu Glu Leu Lys His Phe Glu Ala Lys lie Glu Lys His 
260 265 270 

Asn His Tyr Gin Lys Gin Leu Glu He Ala His Glu Lys Leu Arg His 
275 280 285 

SI" Asp Gly Glu Arg val Ser Arg ser Arg Glu Lys 

290 295 300 

!ilS ^^Y Apg Thr Lys Glu Leu Gly Tyr Thr Val Lys 

305 310 315 320 

Lys His Leu Gin Asp Leu ser Gly Arg He ser Arg Ala Arg His Asn 
325 330 335 

Glu Leu 

<210> 29 

<211> 197 

<212> PRT 

<213> Artificial 

<220> 

<223> H6-IEPD-TN123 
<400> 29 

Met Gly Ser His His His His His His Gly Ser lie Glu Pro Asp Gly 
1 5 10 15 

Glu Pro Pro Thr Gin Lys Pro Lys Lys He val Asn Ala Lys Lys Asp 
20 25 30 

val val Asn Thr Lys Met Phe Glu Glu Leu Lys Ser Arg Leu Asp Thr 
35 40 45 

Leu Ala Gin Glu val Ala Leu Leu Lys Glu Gin Gin Ala Leu Gin Thr 
50 55 60 

val cys Leu. Lys Gly Thr Lys val His Met Lys cys Phe Leu Ala Phe 
65 70 75 80 

Thr Gin Thr Lys Thr Phe His Glu Ala ser Glu Asp cys lie ser Arg 
85 90 95 

Gly Gly Thr Leu Sep Ttir pro Gin Thr Gly ser Glu Asn Asp Ala Leu 
100 105 HO 

lyr Glu Tyr Leu Arg Gin Ser val Gly Asn Glu Ala Glu He Trp Leu 
115 120 125 

Gly Leu Asn Asp Met Ala Ala Glu Gly Thr Trp val Asp Met Thr Gly 

9 



130 



135 



140 



Ala Arg lie Ala Tyr Lys Asn Trp Glu Thr Glu lie Thr Ala Gin Pro 
145 ISO 155 160 



Asp Gly Gly Lys Thr Glu Asn Cys Ala val Leu ser Gly Ala Ala Asn 
165 170 175 



Gly Lys Trp Phe Asp Lys Arg cys Arg Asp Gin Leu Pro TVr lie Cys 
180 185 190 



Gin Phe Gly He val 



<210> 30 

<211> 150 

<212> PRT 

<213> Artificial 

<220> 

<223> H6-Tr1pUB IQADISP 

<400> 30 

Met Gly Ser His His His His His His Gly ser Gly ser Gly ser lie 

1 5 10 15 



Gin Ala Asp ser pro Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys 
20 25 30 



lie Val Asn Ala Lys Lys Asp Val Val Asn Thr Lys Met Phe Glu Glu 
35 40 45 



Leu Lys Ser Arg Leu Asp Thr Leu Ala Gin Glu Val Ala Leu Leu Lys 
50 55 60 

Glu Gin Gin Ala Leu Gin Thr val Gly Ser Gin He Phe val Lys Thr 
65 70 75 80 



Leu Thr Gly Lys Thr lie Thr Leu Glu va1 Glu Pro ser Asp Thr He 
85 90 95 



Glu Asn Val Lys Ala Lys lie Gin Asp Lys Glu Gly He Pro Pro Asp 
100 105 110 



Gin Gin Arg Leu He Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Thr 
115 120 125 



Leu Ser Asp Tyr Asn lie Gin Lys Glu ser Thr Leu His Leu val Leu 
130 135 140 



Arg Leu Arg Gly Gly Ser 





150 
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<210> 31 

<211> 150 

<2l2> PRT 

<213> Artificial 

<220> 

<223> H6-TripUB IQADiSG 
<400> 31 

Met Gly Ser His His His His His His Gly ser Gly ser Gly Ser lie 
1 5 10 15 

Gin Ala Asp ser Gly Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys 
20 25 30 . 

lie val Asn Ala Lys Lys Asp val val Asn Thr Lys Met Phe Glu Glu 
35 40 45 

Leu Lys ser Arg Leu Asp Thr Leu Ala Gin Glu val Ala Leu Leu Lys 
50 55 60 

Glu Gin Gln Ala Leu Gin Thr val Gly ser Gin lie Phe val Lys Thr 
65 70 75 SO 

Leu Thr Gly Lys Thr lie Thr Leu Glu val Glu Pro ser Asp Thr He 
85 90 95 

Glu Asn val Lys Ala Lys He Gin Asp Lys Glu Gly lie Pro Pro Asp 
100 105 110 

Gin Gin Arg Leu lie phe Ala Gly Lys Gln Leu Glu Asp Gly Arg itir 
115 120 125 

Leu Ser Asp lyr Asn He Gln Lys Glu Ser Thr Leu His Leu Val Leu 
130 135 140 

Arg Leu Arg Gly Gly ser 
145 ^ ^ ^ 

<210> 32 

<211> 150 

<212> PRT 

<213> Artificial 

<220> 

<223> H6-TripUB VGPDISP 
<400> 32 

Met Gly ser His His His His His His Gly ser Gly ser Gly ser val 
1 5 10 15 

Gly Pro Asp ser Pro Gly Thr Glu Pro Pro Thr Gln Lys Pro Lys Lys 
20 25 30 

He Val Asn Ala Lys Lys Asp val val Asn Thr Lys Met Phe Glu Glu 

11 



35 



40 



45 



Leu Lys ser Arg Leu Asp Thr Leu Ala Gin Glu val Ala Leu Leu Lys 



Glu Gin Gin Ala Leu Gin Thr val Gly ser Gin He Phe Val Lys Thr 
65 70 75 80 



Leu Thr Gly Lys Thr He Thr Leu Glu val Glu Pro ser Asp Thr He 
85 90 95 



Glu Asn val Lys Ala Lys He Gin Asp Lys Glu Gly He Pro Pro Asp 
100 105 110 



Gin Gin Arg Leu He Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Thr 



Leu ser Asp Tyr Asn He Gin Lys Glu Ser Thr Leu His Leu Val Leu 
130 135 140 



Arg Leu Arg Gly Gly ser 
145 150 



<210> 33 

<211> 150 

<212> PRT 

<213> Artificial 

<220> 

<223> H6-TripUB VGPOIFG 
<400> 33 

Met Gly Ser His His His His His His Gly ser Gly ser Gly ser val 
15 10 15 



Gly Pro Asp Phe Gly Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys 
20 25 30 



He val Asn Ala Lys Lys Asp val Val Asn Thr Lys Met Phe Glu Glu 
35 40 45 



Leu Lys ser Arg Leu Asp Thr Leu Ala Gin Glu val Ala Leu Leu Lys 



Glu Gin Gin Ala Leu Gin Thr val Gly ser Gin He Phe val Lys Thr 
65 70 75 80 



Leu Thr Gly Lys Thr He Thr Leu Glu Val Glu Pro ser Asp Thr He 
85 90 95 



Glu Asn val Lys Ala Lys He Gin Asp Lys Glu Gly He Pro Pro Asp 




UO 
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Gin Gin Arg ueu lie Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Thr 
115 120 125 

Leu ser Asp Tyr Asn He Gin Lys Glu ser Thr Leu His Leu val Leu 
130 135 140 

Arg Leu Arg Gly Gly Ser 
145 ^ ' ' 
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